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“A new approach 
to the reduction 
of intracranial 
pressure with 
Urea-Invert 
sugar” 





(LYOPHILIZED UREA 
AND TRAVERT®) 


The clinical data presented in the film are taken 
from the case histories of more than 550 pa- 
tients who received urea-invert sugar solution 
(UREVERT™™:] at the University of Wisconsin 
hospitals for a variety of cranial disorders. 

The use of Urevert to facilitate intracranial 
surgery in glioblastoma multiforme, optic nerve 
glioma, fronto-temporal meningioma, cerebellar 
astrocytoma and retrogasserian rhizotomy is 
illustrated. 

A comparison of Urevert with other hyper- 
tonic solutions demonstrates its superiority to 
such agents in reducing cerebrospinal fluid 
pressure and brain volume. 
oe For Your Group—showing of this 19 minute 
TRAVENOL LABORATORIES, INC ( film may be arranged by writing to Medical 

'ee Film Library, Travenol Laboratories, Inc., 
Morton Grove, Illinois. 
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Editorial 


Walter Modell, M.D. 


New York, New York 


Editor, Clinical Pharmacology and Therapeutics 


The purpose of Clinical Pharmacology 
and Therapeutics is to bring together publi- 
cations of high quality on problems in the 
evaluation of the actions and effects of 
drugs in man. At present such publications 
are scattered throughout the medical litera- 
ture simply because there is no journal 
which has as its sole interest the field of 
human pharmacotherapeutics. To date 
there is no journal of clinical pharmacol- 
ogy, no journal of therapeutics as such. 
There is no frame for a fair and representa- 
tive picture of this vital, prolific, aggressive, 
confusing, misused, hopeful, underrated, 
and, above all, wish-propelled field of 
modern medicine. There is no journal to 
control and curb its exuberance. 

Because of the tremendous number of 
new drugs now being regularly introduced 
into medicine, problems of their pharma- 
cologic and therapeutic evaluation have 
now become matters of great practical im- 
portance. As a result, clinical pharma- 
cology, which has been some fifteen years 
in maturing, is now being recognized as a 
proper discipline in medical science. 

Departments and divisions of clinical 
pharmacology have already been estab- 


lished in some medical schools, outstanding 
hospitals, and research institutes, and are 
being established in others. In England 
the first international symposium on meth- 
odology in human pharmacology was held 
in 1958. 

In spite of these recent acknowledg- 
ments of an important discipline in medi- 
cine, much is still published about drugs 
and therapeutics in outstanding journals 
which is neither goud nor acceptable. This 
is largely because most medical journals 
have no editorial standards for investiga- 
tions of drug actions in man and their edi- 
torial boards are not properly geared to 
screen or edit publications resulting from 
them. By virtue of the specialized knowl- 
edge of its editorial board, a journal spe- 
cializing in problems of drug evaluation in 
man would exclude poor papers. While 
this editorial screening by specialists in 
therapeutics as well as clinical pharma- 
cology would, by itself, insure high stand- 
ards of publication, the focalization of 
papers in the field would tend to elevate 
the standards of the field in general. It 
would tend to improve methods of investi- 
gation, to add insights into the subject, and 
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to lead to more incisive analysis of the 
data. It would not only make the compari- 
son of one paper with another easier, it 
would make it unavoidable, and would 
thereby encourage the critical examination 
of methods of investigation or analysis of 
results. 

Clinical Pharmacology and Therapeutics 
is meant for the therapeutist and for the 
clinical pharmacologist. The practice of 
empiric medicine is declining, while the 
modern practitioner is showing a growing 
interest in the pharmacologic basis of his 
therapy as a consequence of modern 
methods of medical education and because 
his practice requires that he know about 
the many potent pharmacotherapeutic 
agents constantly being introduced on the 
drug market. 

Clinical Pharmacology and Therapeutics 
will provide the perceptive practitioner 
with up-to-date information of the type he 
needs and seeks, much of which takes years 
to find its way into standard textbooks of 
pharmacology and therapeutics. It will 
offer substantial opinions on current drugs 
and therapies for which he now has to 
wait out the far-too-long time lapse before 
they appear in general medical publica- 
tions. The urgency of the need for prompt 
and unbiased information was emphasized 
by an outstanding medical voice which 
proclaimed in the newspapers recently that 
medical advertisements were becoming a 
major influence in shaping therapeutic 
practices. 

The clinical pharmacologist and the 
therapeutist will find in Clinical Pharma- 
cology and Therapeutics not only a place 
to have his contributions published in good 
company, but also a place where he is an 
insider rather than an outlander. His papers 
will benefit from specialized editorial ad- 
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vice. His files of Clinical Pharmacology and 
Therapeutics will provide him with the 
most likely source of information on par- 
ticular drugs and methodology in the in- 
vestigation of the effects of drugs in man. 

The scope of the Journal is indicated by 
its title. It will concentrate on the effects 
of drugs in man, their proper and enduring 
evaluation, their actions, and their thera- 
peutic and toxic effects. It will therefore 
publish original articles of high quality on 
clinical and therapeutic evaluations of new 
drugs and re-evaluations of old drugs as 
well. It will contain articles on the gen- 
eral pharmacology of drugs in man. It will 
publish concise review articles and com- 
mentaries on active fields in pharmaco- 
therapeutics in an effort to bring together 
scattered and undigested information and 
to analyze the situation in an expert, but 
also realistic and practical way. It will de- 
vote occasional issues to symposia on cur- 
rently active fields in pharmacotherapeutics. 
It will review books on pharmacology, ther- 
apeutics, and closely related fields in the 
basic and the practical aspects of clinical 
medicine. It will contain brief commentar- 
ies on the latest drugs and drug products 
introduced by pharmaceutical manfactur- 
ers, with the advice and prognostications 
of authorities before judgments based on 
the large clinical experience on the drugs 
are available. There will be a correspond- 
ence section for less formal statements on 
experiences with new drugs. Editorials com- 
menting concisely on important aspects of 
pharmacotherapy will be a regular feature. 

There will be no articles on animal ex- 
perimentation per se; original data on ani- 
mal experiments will be strictly limited to 
that which is an integral part of, or basic 
to, studies which dezi primarily with the ef- 
fects of drugs in man. 
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Man‘s hand 


in bacterial resistance 





Ernest Jawetz, M.D. San Francisco, Calif. 


Department of Microbiology, Medicine and Pediatrics, University of California Medical Center 


Medical journals and the lay press have 
recently carried many accounts of the rav- 
ages wrought by antibiotic-resistant bac- 
teria in outbreaks of hospital infection. The 
current emphasis on these problems might 
suggest that they are new in medical 
thought and experience. Nothing could be 
farther from the truth. Outbreaks of hospi- 
tal infection presented frequent difficulties 
in the preantibiotic era.1 Resistance to anti- 
microbial drugs was well known since Ehr- 
lich’s? masterful descriptions and predic- 
tions in 1913. Thus we must accept that 
both hospital-induced infections and _ bac- 
terial resistance cannot be blamed entirely 
on the abuses of antimicrobial drugs and 
neglect of sound medical principles during 
the past fifteen years of the “antibiotic era.” 
Nevertheless, it may be desirable to call at- 
tention to some of the practices and atti- 
tudes which unquestionably have contrib- 
uted to the magnitude of the present dif- 
ficulties. 

At the outset it must be stated that the 
problem is too complex to permit any simple 
all-inclusive explanations or easy remedies. 
Only two of many interrelated facets are 
presented here: the selection pressure of 
antimicrobial drugs used on a large scale, 
and the deterioration in aseptic practices 
largely stemming from unreasonable confi- 
dence in antimicrobial drugs. 


Fortunately a majority of disease-produc- 
ing bacteria remain susceptible to several 
effective drugs. Only a few kinds of bacteria 
(e.g., Proteus, Pseudomonas) tend to be 
uniformly resistant to most antimicrobial 
agents. In some others (e.g., Aerobacter, 
Staphylococcus ) a large portion of the bac- 
terial population is drug susceptible but 
spontaneous resistant mutants emerge fre- 
quently. A significant level of antimicrobial 
drug in the environment affects both of 
these types of bacterial populations. In the 
first instance the drugs favor implantation 
or proliferation of resistant microbial spe- 
cies by suppressing the susceptible normal 
flora and thus creating a void which must 
be filled. In the second instance the growth 
of the drug-sensitive members of the micro- 
bial population is suppressed by the drug, 
permitting the spontaneously arising resist- 
ant mutants to proliferate without restraint. 
In either case the drug exerts selection pres- 
sure in favor of the resistant microorganism 
and disturbs natural balance. 

These mechanisms may apply within a 
single human being or in an environment 
shared by many people, e.g., a hospital. In 
a patient suffering from a serious staphy- 
lococcal infection the microbial population 
may shift from apparent susceptibility to 
resistance during the administration of such 
single drugs as streptomycin, erythromycin, 
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or novobiocin.’ The drug in tissues initially 
suppresses the bulk of the microbial popu- 
lation, which is susceptible, but permits the 
few resistant mutants to survive and mul- 
tiply. After an initial favorable clinical re- 
sponse the disease relapses as the resistant 
organisms “take over.” In such staphylococ- 
cal disease, as well as in tuberculosis, the 
emergence of drug-resistance may be de- 
layed by the simultaneous use of two effec- 
tive drugs, rather than a single one.‘ 
When a given antimicrobial drug is used 
on a large scale in a closed environment 
such as a hospital, microbes resistant to that 
drug are favored. They prevail in the area 
as they establish themselves in the occu- 
pants (nurses, physicians, patients) and re- 
place drug-susceptible microbes. This had 
been clearly demonstrated for erythromy- 
cin. Just a few months after this drug 
began to be employed on a large scale the 
originally erythromycin-susceptible staphy- 
lococci colonizing skin and respiratory tract 
of patients and personnel were to a large 
extent replaced by erythromycin-resistant 
ones. A similar train of events has occurred 
with other drugs, and is likely to follow the 
introduction and large-scale use of any new 
drug. Only by a drastic reduction in the 
over-all use of antibiotics and restrictions 
placed on specific new drugs® can we hope 
to diminish the magnitude of these difficul- 
ties. Once drug-resistant microorganisms 
prevail in a hospital the removal of the of- 
fending drug can reduce, but cannot elimi- 
nate, the resistant mutants. The emergence 
of drug resistance in hospitals depends in 
part on the selection pressure of drugs given 
to patients, in part on the intensive exchange 
of organisms in the closed environment, and 
in part on the direct effect of drugs in the 
atmosphere, as demonstrated for penicillin 
by Gould.’ The implantation into patients 
of prevailing drug-resistant bacteria is en- 
hanced by suppression of their normal mi- 
crobial flora by antibiotics. Knight and as- 
sociates® have shown that patients receiving 
tetracycline or penicillin acquire drug-re- 
sistant staphylococci much sooner after ad- 
mission to the hospital ward than patients 
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not receiving those drugs. This evidence 
should persuade the physician to prescribe 
antibiotics only for specific indications and 
not for vague and irrational “prophylaxis.”® 

While the abuse of antibiotics plays an 
important role in selecting out drug resist- 
ant microorganisms and favoring their sur- 
vival, much of the dissemination of these 
resistant organisms must be blamed on a 
loss of respect for aseptic techniques. With 
the advent of powerful antimicrobial drugs, 
some fifteen years ago, the carefully estab- 
lished methods for the restraint of commun- 
icable diseases were largely abandoned. 
Physicians believed that antibiotics would 
not only cure all infectious diseases but 
would also eliminate all microbial patho- 
gens from the earth. Thus there seemed to 
be no further need to observe aseptic or 
isolation precautions. Handwashing became 
a lost art and remained so until the recent 
upsurge of infections in nursery and surgi- 
cal patients. At present respect for cleanli- 
ness and asepsis is slowly returning. But 
even now the patient discharging a vast 
number of drug-resistant staphylococci is 
not considered as dangerous as the person 
discharging typhoid bacilli, and isolation is 
rarely enforced. The high density of drug- 
resistant bacteria in our hospitals has re- 
sulted in high carrier rates in hospital per- 
sonnel, particularly in physicians and 
nurses, and such individuals contribute to 
the reservoir of deadly organisms in our 
modern “pesthouses.” Newborn infants all 
too often acquire drug-resistant bacteria in 
the nursery and carry them home to their 
siblings and parents. In this fashion the 
family becomes a reservoir of drug-resistant 
bacterial infection.'° Penicillin-resistant 
staphylococci are now found in about 45 
per cent of children under 5 years of age." 
Adults in the community also are acquiring 
drug-resistant bacteria at an increasing rate. 
Among outpatients with hand infections in 
one British infirmary no penicillin-resistant 
staphylococci were found in 1952 but were 
found in 30 per cent in 1957.1? The end of 
the problem is clearly not in sight. How 
shall we counteract the trend? 
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One easy solution would be the frequent 
advent of new and better drugs. The ex- 
perience of the past few years offers little 
encouragement. New drugs (not reformula- 
tions of old ones) have been few and have 
compared unfavorably with earlier ones in 
regard to efficacy and toxicity. Thus we are 
forced, with regret, to rely on conserving 
the older, established antimicrobial agents 
by drastically reducing their abuse. Re- 
newed emphasis has to be placed on asep- 
sis, isolation, and cleanliness as a means of 
reducing the spread of drug-resistant or- 
ganisms. Research is needed into the na- 
ture of bacterial virulence and persistence 
and the characteristics of the human carrier 
state, and its control. It is disturbing to 
note that occasionally even well-conceived 
and adequately maintained efforts to deal 
with a high level of drug-resistant infection 
end in failure.'* When contemplating the 
future role of “man’s hand in bacterial re- 
sistance” one must hope that it will be cau- 
tious—and well scrubbed. 
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Symposium on the 


study of drugs in man 


Introduction 


The creation of a new journal devoted to 
clinical pharmacology and therapeutics is 
recognition of a relatively recent phenome- 
non in medicine, that is, the strenuous ef- 
fort to develop new drugs to influence fa- 
vorably the course of disease. In the prep- 
aration of these drugs there has been the 
understanding by pharmacists, pharmacol- 
ogists, and clinicians alike that the final 
answer to the efficacy of these drugs can be 
had only after trial in man. Thus the phy- 
sician has been besieged in recent years 
with a spate of articles describing the clin- 
ical effects of newly synthesized drugs. 
These articles are often difficult to eval- 
uate, are not infrequently repudiated, and 
reports of dangerous side reactions some- 
times follow in their wake. The underlying 
reason for these problems probably lies in 
the complexity of studies made in man. 
Not only is this a new field but a host of 
problems of a scientific, moral, and legal 
nature are brought to the fore. 

With a realization of the aforementioned 
facts the editors of CiinicAL PHARMACOL- 
OGY AND THERAPEUTICS have arranged a 
symposium on “The Study of Drugs in 
Man.” The term “human experimentation” 
has been deliberately avoided to escape the 
common connotation or association that 
experimentation in man is allied to malprac- 
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tice. The contributors to this symposium are 
outstanding men in their respective fields. 
Five articles will appear in successive issues 
of this journal. The first is by Dr. Theodore 
Koppanyi, Professor and Chairman of the 
Department of Pharmacology at George- 
town University School of Medicine. Dr. 
Koppanyi is a classical pharmacologist who 
has made and participated in many studies 
of drugs in man. Subsequent contributions 
to this colloquim will be: “Biologic and 
Medical Studies in Human Volunteer Sub- 
jects,” by Francis D. Moore, M.D., Moseley 
Professor of Surgery at the Harvard Medi- 
cal School and Surgeon-in-Chief at the 
Peter Bent Brigham Hospital, Boston; “The 
Moral Aspects of Human Experimentation 
in Medicine,” by John J. Lynch, S.J., Pro- 
fessor of Moral Theology at Weston Col- 
lege in Massachusetts; “The Ethics of Med- 
ical Research,” by Seymour J. Kety, M.D., 
Chief of the Division of Neurological Dis- 
eases and Blindness, at the National In- 
stitutes of Health; and “The Legal Consid- 
erations of Medical Experimentation,” by 
Irving Ladimer, S.J.D., formerly Assistant 
Chief of Research and Planning at the Na- 
tional Institutes of Health and United States 
Public Health Service. 


Leroy D. Vandam, M.D. 
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Part 1. From animal to human 


Some basic principles of comparative pharmacology 


Theodore Koppanyi Washington, D. C. 
Department of Pharmacology, Georgetown University School of Medicine and Dentistry 


Clinical pharmacology, to which this 
JournaL is devoted, is rapidly taking its 
place in the ranks of exact sciences. Neither 
clinical pharmacology nor its derivative, ra- 
tional therapeutics, is a lineal descendant 
of the empirical treatment of disease.! They 
are built on the basis of the relatively new 
science of comparative pharmacology, 
which ascertains the obvious, and, with im- 
proved techniques, the less obvious effects 
and probable dangers of drugs.? For ex- 
ample, digitalis has been used empirically 
for a long time in the treatment of edema, 
but it was only after the lapse of a century 
that it became known as a cardiac stimu- 
lant, producing diuresis through its effect 
on the myocardium. Today it would be an- 
achronistic to use digitalis glycosides in 
edema of other than cardiac origin. Clinical 
pharmacology and rational therapeutics are 
based upon the understanding of drug ac- 
tion and not upon the empirical principle 
of trial and error. 


I. Animal and human 
(clinical) pharmacology 


A. Scope. Pharmacology is a science of 
natural phenomena Cez!ing principally with 
the measurable, predictable, and therefore 
reproducible effects of drugs on function 
and on the cellular structure of animals and 


‘humans. Although it employs no method- 


ology or technology of its own and borrows 
its procedures from chemistry and physiol- 
ogy (biochemistry and biophysics), this 


does not minimize its fundamental impor- 
tance. 

The significance of autopharmacology 
versus heteropharmacology stems from the 
fact that pharmacology deals not only with 
biologically occurring chemicals with spe- 
cific actions but also with drugs which, by 
definition, are administered from without. 
Very often this distinction is not sharp, 
since many biologically occurring substances 
can be synthesized and administered as 
drugs. These naturally occurring chemicals 
(amino acids, nucleotides, nucleosides, hor- 
mones, neurohormones; or vitamins as co- 
factors) are mostly true metabolites essen- 
tial for vital processes. Inhibition of spe- 
cific cellular functions occurs when such 
metabolites are replaced by exogenous 
chemicals which compete with essential bi- 
ogenic substances because of similar chem- 
ical structure or for some unknown reason. 
Such competing drugs are antimetabolites.’ 
Several antimetabolites, such as sulfona- 
mides, are now routinely used with safety 
in clinical medicine.* 

Animal pharmacology for practical pur- 
poses may be subdivided into fundamental 
pharmacology and the pharmacology of 
screening new drugs. 

The task of fundamental pharmacology is 
the investigation of biologic phenomena 
with the aid of established or new drugs as 
tools and the study of the effects of drugs 
and their natural or synthetic analogs. In 
this case the action of the drug is of pri- 
mary interest. 
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Pharmacology of screening new drugs is 
almost feverishly engaged in testing an 
amazing number of synthetic chemicals on 
cells, tissues, organs, or the whole animal. 
Acute, subacute, and occasionally chronic 
toxicities are also determined. 

In both types of pharmacology, structure- 
activity relationships (SAR) are becoming 
increasingly important. 

Human pharmacology is the study of 
drugs in the genus Homo including the 
normal human being as well as ambulatory 
or hospitalized patients. 

It is necessary, for the pharmacologist 
and clinician to establish whether or not 
the pharmacologic effects in humans and 
animals are identical (animal hides re- 
spond to drugs differently from human 
skin). False positive or false negative reac- 
tions can occur which make the task of the 
pharmacologist and clinician more difficult. 
A false negative test is one in which a 
drug produces a desired effect in humans 
but fails to produce a similar effect in nor- 
mal animals (nalorphine is a potent anal- 
gesic in humans but not in animals). A false 
positive test is one in which a drug pro- 
duces a distinct pharmacologic effect in 
animals but fails to produce similar effects 
in the human patient (vasopressor drugs 
for animals are usually not useful in human 
shock). Because of the existence of “false 
negatives’ many useful drugs may be over- 
looked and never reach the stage of clini- 
cal trial. On the other hand, many drugs 
highly effective in animals may cause a 
great deal of wasted time and resources in 
clinical trials. It should be emphasized that 
these statements about “false negatives” 
and “false positives” are only heuristic con- 
cepts. They represent judgments of value 
and purely practical considerations with- 
out affecting the fundamental task and 
goals of animal and human pharmacology. 

Not only may the drug actions in humans 
deviate from these observed in animals, 
but almost always the quanta necessary to 
elicit pharmacologic responses differ from 
species to species. 

Another reason why drug actions in man 
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may differ from those seen in animals is 
that most animal experiments are carried 
out in spinal preparation or in animals 
under various types of anesthesia. These 
preparations do not represent the complete 
counterpart of the intact, unanesthetized 
human organism. 

In investigating a drug in humans, one 
should be sufficiently sophisticated to test 
at first the effects of the single drug and 
make certain that combined drug actions in 
the form of synergisms or antagonisms do 
not obscure the true pharmacologic effect 
of the drug under investigation. 

Human pharmacology must also concern 
itself with the frequency of side effects of 
drugs. For example, an analgesic which 
causes vomiting at the optimum point of 
analgesia is not a useful agent. 

Toxic effects of drugs need not be iden- 
tical in animals and humans. For example, 
an otherwise satisfactory tranquilizer may 
not cause optic damage in animals, but it 
certainly produced retinitis pigmentosa in 
humans. Therefore, an adequate number 
of patients should be tested intensively to 
unmask undesirable and toxic effects of 
drugs before they are released for routine 
clinical use. 

Clinical pharmacology is really a team 
effort. In contrast to animal pharmacology, 
where an assumption is being put to an ex- 
perimental test, the clinical pharmacologist 
deals with a drug which has already been 
evaluated in animals. Here, success depends 
upon the services of three scientists—a cli- 
nician, a pharmacologist, and a statistician. 
Although their task calls for a “fusion of 
talents” they also have individualized func- 
tions to perform. The clinician is responsi- 
ble for setting up the criteria for the trial 
and devising methods for the collection of 
critical data. No one can quarrel with La- 
sagna®’® that the clinician alone has the 
all important background for the clinical 
trial, the knowledge of the nature, course, 
and prognosis of the disease—in short, the 
necessary Clinical experience. The pharma- 
cologist contributes the already existing 
knowledge about the drug to be tested, so 
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that “rational dosage schedules can be set 
up.” The statistician guards against bias in 
planning the experiment. Therefore, he 
should not be called in at the conclusion of 
the experiment as an afterthought,’ but 
should be consulted at the beginning to 
participate in formulating the experimental 
procedure, since the experimental plan and 
design are just as important from a statis- 
tical viewpoint as the final analysis. 

B. Historical retrospect. It appears that 
the scientific study of drug action was a di- 
rect consequence of Harvey’s discovery of 
the circulation of the blood. It originated in 
England and Switzerland. It is almost cer- 
tain that the first suggestion to investigate 
drug action in animals by the intravenous 
route came from the famous London archi- 
tect and amateur scientist, Sir Christopher 
Wren. Apparently at his suggestion, Robert 
Boyle (1660) administered a number of 
crude drugs intravenously to dogs, and 
measured their effects. He showed that 
opium and antimony, when taken by 
mouth, act after absorption into the blood 
stream. He may be considered as the 
founder of experimental pharmacology. 
John Jacob Wepfer (1679) of Schaffhausen, 
Switzerland, discovered drug-induced con- 
vulsions, and endeavored to determine the 
acute toxicity of a number of drugs used 
in his time. On the basis of his toxicologic 
studies, he protested against the indiscrim- 
inate use of mercury and arsenic. 

In 1776, a young German pharmacist’s 
apprentice, Peter John Andrew Daries, pub- 
lished a doctor’s thesis, “On Atropa Bella- 
donna,” which is perhaps the most impor- 
tant pharmacologic contribution of the 
eighteenth century. Daries, in carefully 
controlled experiments on himself and in 
cats, discovered the mydriatic effect of 
belladonna preparations, and made the fun- 
damental cautious generalization that the 
effect of drugs varies directly with the size 
of the dose. 

The physiologic methods essential for the 
birth of modern pharmacology were intro- 
duced almost simultaneously with the isola- 
tion of pure drugs. It is fortunate that the 
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great French physiologists in the first part 
of the nineteenth century ( Magendie, Flou- 
rens, and Bernard ) used drugs in their phy- 
siologic researches, and thus opened the 
way for the systematic study of drug 
actions. 

Pharmacology as an independent disci- 
pline owes its origin to German scholars, 
Buchheim, Schmiedeberg, and Binz. Some- 
what later, British and American pharma- 
cologists helped to develop this new scien- 
tific discipline.’ 

Human (clinical) pharmacology, while in 
a sense as old as medicine, did not seem to 
achieve the status of a critical experimental 
discipline until the discovery by James Lind 
(1747) of the curative effect of oranges and 
lemons in scurvy.’ It is only recently that 
human pharmacology, satisfying the most 
stringent criteria, came into being. Only in 
1952 was clinical pharmacology actually de- 
fined as a body of knowledge by Drs. Harry 
Gold in this country and J. H. Gaddum in 
England. According to these authors, 
clinical pharmacology consists of the appli- 
cation of pharmacologic tests to obtain ob- 
jective evidence of the value of drugs in 
patients. 

C. Objectives of animal and human phar- 
macology. The main objective of animal 
pharmacology is to study drugs and to de- 
termine their specific effects, sites of action, 
and mechanisms of action by a variety of 
objective criteria, including adequate con- 
trol experiments. An “inactive” placebo, 
such as physiologic salt solution, or a 
“standard reference,” such as morphine 
when a new narcotic analgesic is tested, 
will be used according to the problem 
under investigation. In addition, the phar- 
macologist must accumulate pertinent data 
about drugs given by various routes, eluci- 
dating the onset and duration of action, the 
metabolism and elimination, and dose-re- 
sponse relationships. 

If, in the mind of the investigator, the 
drug might be useful in therapy, then 
acute, subacute, and possibly chronic toxic- 
ity experiments should be performed. Spe- 
cial attention is paid to the effects on the 
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central nervous system, bone marrow, kid- 
ney, and liver. The incidence of side effects 
such as anorexia, nausea, vomiting, diar- 
rhea, etc., is noted and evaluated. Toxicity 
studies should be terminated at different 
time intervals, and macroscopic and micro- 
scopic examinations of organs performed. 
Chronic toxicity tests are necessary only for 
drugs that are to be taken for years and for 
all food additives. If, for example, the value 
of digitalis had been only recently dis- 
covered, chronic toxicity studies would be 
imperative. As it is, because chronic toxicity 
tests were not required at the time digitalis 
was introduced, they were not performed 
and the “hormonal” activity (e.g., gyne- 
comastia) had been entirely overlooked, 
and was disclosed only recently by clinical 
observation." 

In many pharmacologic experiments, ani- 
mal behavior must be of central interest to 
obtain a complete picture of drug action. 
This is especially true of the psychophar- 
macologic agents. Whenever possible, in- 
vestigators in the field of animal psychol- 
ogy should be consulted in these studies in 
the same manner as clinical psychologists 
are consulted in the clinical trial period of 
similar drugs. The influence of such drugs 
on the speed of the learning process, for 
instance, can be better evaluated by a 
psychologist who is an expert on animal 
behavior. 

In human pharmacology, we assume that 
the principal pharmacologic and toxicologic 
effects, including the site and mechanism of 
drug action, as well as the fate of the drug, 
have already been ascertained. The gross 
pharmacologic effects may be similar, but 
there is often a difference in sensitivity, 
with humans being either more or less sen- 
sitive than many laboratory animals. 

Human pharmacology at the present time 
is concerned with the gross effects of drugs 
in contrast to animal pharmacology which 
additionally concerns itself with the drug 
effects on the cellular and even subcellular 
levels. But since newer methods in clinical 
medicine have been developed, such as 
liver and renal biopsy and removal of por- 
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tions of the central nervous system, human 
pharmacology may well include such topics 
as drug action on enzyme systems (liver 
microsome, mitochondria preparations) 
among others. 

To discover which effects of drugs are 
different in the human species from the ef- 
fects in other animal species is an objective 
of human experimentation. Human volun- 
teers or patients may be used for such ex- 
perimentation. It has become increasingly 
common to use human volunteers, both 
paid and unpaid. The data obtained from 
volunteers are useful as a base line against 
which later studies in patient groups are 
conducted.!? Experimental results obtained 
by the use of volunteers as subjects should 
be reviewed with caution, however. One 
must be constantly aware that volunteers in 
an experimental situation are “different” as 
a group from those less eager to participate 
in a clinical trial. Numerous psychological 
measurements have revealed significant dif- 
ferences in this population when compared 
with the “normal” population group.’” 

However, the “psychological” effects of 
drugs can usually be distinguished from the 
primary drug effects, if the drug is given in 
supratherapeutic doses.'* In the absence of 
a supratherapeutic dose schedule, placebos 
are essential, even though a large number 
of placebo reactors are usually encountered 
in a clinical experiment. If the placebo re- 
actors are eliminated and the experiment 
repeated (testing once more an active in- 
gredient versus placebo) the results thus 
obtained will be different and often no ef- 
fect will be observed following placebo 
medication.®:14-16 

The dose-response curve for drugs should 
be established. The dose of any drug in 
humans is essentially the same—that is, 
enough. The dosage, then, is the amount of 
drug needed to produce the optimum phar- 
macologic or therapeutic effects. If minor 
toxic symptoms should develop before the 
onset of optimum desired effects, discontin- 
uation of the drug may be indicated. It is 
therefore imperative in human pharma- 
cology to start with a dose which may seem 
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disproportionately low when compared 
with effective doses in animals.! The dose 
is then gradually increased until optimum 
effects are obtained. If this procedure had 
been followed meticulously in the past, we 
would not now be confronted with the 
anomalous situation represented by the 
usual dose of morphine, which is twice as 
great as is needed for severe pain. This 
dose-response curve in humans should be 
determined as part of the pilot study be- 
fore the drug is submitted to a large scale 
clinical trial. 


ll. Experimental design 


A. Pilot study. Original hypotheses con- 
cerning drug action should be tested on a 
few animals to obtain experimental confir- 
mation. This is called the preliminary or 
pilot study. The experimental results ob- 
tained will indicate only a trend. To inter- 
pret the trend we run the risk of committing 
two types of errors. In errors of Type I the 
investigator may overlook the trend and 
this may lead him to reject the hypothesis 
when it should be accepted. In errors of 
Type II the investigator accepts a hypothe- 
sis which should be rejected.1* Therefore, if 
the initial testing is confirmatory and the 
level of significance has been agreed upon, 
it is imperative to initiate a well-controlled 
experiment designed to re-evaluate the pre- 
liminary study. Only too often a trend is 
mistaken for a complete investigation, or 
the experiments stop at the pilot level. This 
serves only to aid in cluttering the litera- 
ture with possibly misleading material. It 
is because of the mistaken identification of 
a pilot study for a more definitive study 
that the original investigator or someone 
later repeating his experiments is frequently 
biased. 

B. Complete study. When the study is 
beyond the pilot stage, then a statistical 
blueprint of the experimental design is nec- 
essary to keep the experiment free from 
bias or systematic errors of allocation or as- 
sessment. In a full-scale study, it is the stat- 
istician. or the statistically trained scientist 
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who has the last word about experimental 
design. He can be the most critical of how 
close the contemplated plans will come to 
the objectives of the study. For example, if 
bone marrow depression occurs in 0.5 per 
cent of experimental animals receiving a 
particular drug, it is obvious to the experi- 
enced investigator that a study of 75 or 100 
patients might not reveal any instances of 
bone marrow depression. This would result 
in a false sense of security as to the safety 
of the drug, 

C. Randomization. Random sampling is 
one way of insuring the validity of selection 
of a fair sample of the population under in- 
vestigation and may be procured by various 
artificial means. It is diametrically opposed 
to purposive sampling, where the investi- 
gator selects his sample not arbitrarily (e.g., 
elimination of placebo reactors) but with 
as many common denominators as possible. 
Randomization carries with it the uncer- 
tainty of chance fluctuation, whereas pur- 
posive sampling may be influenced by the 
bias of the investigator. It is necessary to 
avoid bias in the allocation of patients or 
animals to different treatment groups. The 
way in which the groups are picked is not 
important for random sampling, provided 
that safeguards are taken to insure that the 
groups are actually selected without pre- 
meditation. For example, it would usually 
not matter if one were testing the use of 
Drug A in the treatment of motion sickness 
if every other passenger were given the 
drug (provided this does not lead to 
“chance selection”), or if the choice were 
made by spinning a wheel with black and 
red marks. The passenger allotted a red 
mark would receive the drug, and the pas- 
senger allotted a black mark would get the 
placebo. It is, of course, important that the 
number of drug-treated and the number 
of placebo-treated cases be approximately 
equal. If such a simple method of random 
sampling were used, the group receiving 
the placebo aboard ship would not be ex- 
posed predominantly to one set of spatial 
and environmental conditions, and the pas- 
sengers receiving the drug to another. 
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The same principle of randomization ap- 
plies to the use of hospital patients whether 
or not the study is conducted in a single 
hospital or simultaneously in several hos- 
pitals. It is needless to add that the same 
principle should be applied to animal ex- 
perimentation in a somewhat modified 
form. 

Another way of setting up adequately 
controlled experiments is to let the animal 
or patient serve as his own control—i.e., 
by random administration of drugs and 
control preparations in the same test sub- 
ject without predetermination (“crossover” 
experiments ). 

D. “Double blind” tests or “unknowns 
technique.” In the double blind test, the 
patient and the person observing the drug 
effects are “blind,” i.e., neither knows what 
medication has been taken. The purpose of 
the double blind study is to eliminate the 
enthusiasm of the observer and the patient, 
which might affect subjective responses or 
even objective signs (a placebo may in- 
crease the frequency of micturition and 
total urine output, or can act as a cathartic). 
As far as I could ascertain the double blind 
test was first described and used by Gold, 
Kwit, and Otto.’® In their study of xan- 
thines on cardiac pain they mention that “in 
a further attempt to eliminate bias, the 
questioner usually refrained from informing 
himself as to the agent that had been issued 
until after the patient’s appraisal of the 
period had been obtained.” 

The human species is unique in that it is 
the only form of life that can communicate 
with the observers, and make recorded ob- 
servations on himself. It is also the only spe- 
cies that is open to suggestion. Therefore, 
man is the only organism in which the dou- 
ble blind test, or as Beecher terms it, “un- 
knowns technique,” is necessary.'4 

The simplest method for evaluating a 
drug is to study its effects against a passive 
placebo or active placebo or a reference 
standard (“yardstick placebo” ) or any com- 
bination of the three. The ideal active 
placebo would have the same side effects as 
the drug, without its therapeutic action, 
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a rare combination which is difficult to 
supply. 

Errors in the double blind test frequently 
are centered around the use of placebos. If 
a drug being tested has side effects which 
are easily experienced by the subject, it is 
obvious that a passive placebo will be rec- 
ognized. It is equally obvious, then, that a 
placebo should not be differentiated easily 
from the substance being studied in order 
for the experiment to be truly double blind. 
It is therefore often better to employ in ad- 
dition to the passive placebo an active 
placebo, or if this cannot be supplied, a 
reference standard.® 

Recently a new addition to the design of 
the double blind or “unknowns technique” 
method has been presented by Fazekas and 
associates.2° These authors are comparing 
the effect of anorexigenic drugs on weight 
loss in mentally alert and in mentally de- 
ficient subjects with a mean I.Q. of about 
37. It is their hope that, in the mentally de- 
ficient subjects, the placebo reaction as well 
as the whole emotional reaction toward the 
drug administration will be minimized, and 
obviate, in so far as possible, the power of 
suggestion. 

The double blind test as a clinical experi- 
mental design has not gone unchallenged. 
Batterman and Grossman?! claim that the 
double blind technique as applied to anal- 
gesic and antirheumatic drugs in ambula- 
tory patients does not show any significant 
differences between placebo therapy and 
the drug involved in the case, mainly as- 
pirin. They found the same effectiveness for 
placebos, “known effective analgesics (as- 
pirin and N-acetyl-aminophenol) and un- 
known drugs.” It is probable that their 
criticism has already been answered by 
Modell and Houde?’ and also by Beecher 
and co-workers?” who found no appreciable 
differences in effectiveness of analgesics and 
antirheumatic drugs tested in placebo-react- 
ing patients, but highly significant differ- 
ences in nonreactors. 

E. Paired controls. These controls are 
usually paired with respect to one com- 
mon denominator, e.g., food intake. In 
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studying the nutritional requirements of 
tumor-bearing animals, one animal with 
neoplasm is allowed to feed ad libitum, 
while a non-tumor-bearing mate is fed an 
amount of food equivalent to that con- 
sumed by the test animal. In this manner 
the total caloric intakes of both animals 
are made equivalent as nearly as possible. 
Thus the effects of tumor growth are sep- 
arated from those of general nutritional de- 
ficiencies. 

If a drug is administered to animals or 
patients, while others are kept as controls 
in the same place and at the same time, it is 
possible with suitable precautions to show 
that the only factor which produced the 
observed change between two animals, two 
patients, or two groups of animals or pa- 
tients must be due to the drug. We call this 
method simultaneous controls.® 

F. Significance of results. The significance 
of the experimental results depends upon 
their appraisal and summary. Statistical 
analysis which accomplishes these ends is 
particularly desirable in animal and human 
pharmacology because of the variability of 
results caused by unknown or difficultly con- 
trollable factors. Statistical methods enable 
the investigator to eliminate the variables 


that may interfere with the interpretation of: 


the results, and they should also furnish a 
clue to cautious generalizations drawn from 
the experiment, i.e., limitation of prediction. 

Of course, statistical methods cannot con- 
vert a badly designed experiment into a 
good one. As already pointed out, statistics 
should not only be-used after all of the re- 
sults are in, but from the very beginning so 
that statistical methods can be applied to 
the data as collected.®* 

G. Justifiable conclusions. It is customary 
in the pharmacologic and clinical literature 
to wind up the discussion of a paper with a 
conclusion and summary. It is of utmost 
importance that these conclusions should be 
_ cautious, i.e., they should emphasize that 
the results occur under a certain predeter- 
mined set of experimental conditions. It is 
of equal importance not only that the ulti- 
mate findings should be described, but that 
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the method of sampling and other condi- 
tions under which these results were ob- 
tained be enumerated. If all the conditions 
under which the experiments were per- 
formed are not discussed, the experiment— 
no matter how revealing the results—may 
not be reproducible by other investiga- 
tors. Among the factors that are of prime 
importance in altering pharmacologic re- 
sponses are weight, lean body mass, age, 
sex, heredity, metabolic state, and, last but 
not least, the degree of the pathologic con- 
dition of the animal or patient. In this con- 
nection, attention must be called to the rep- 
resentation of the dose per unit of body 
weight, lean body mass, or body surface 
area. Pharmacologists and clinicians have 
made the assumption that there is a direct 
proportionality between dose and the above 
measurements. This cannot be made on an 
a priori basis, but has to be determined in 
each complete pharmacologic study and the 
internal evidence allowed to speak for it- 
self.23 Even the personality of the investi- 
gator and, of course, his method of using 
experimental appliances can alter pharma- 
cologic responses. Only by the meticulous 
description of all these characteristics of the 
animal and patient population and the ex- 
perimental techniques can an approximate 
equivalence of one experiment with an- 
other be achieved. In addition to the above, 
certain pitfalls inherent in animal and hu- 
man pharmacologic experimentation must 
be avoided: 

1. Lack of purity and uniformity of drugs. 
Chemical assays, or bioassays when the for- 
mer are impossible, are needed to insure 
uniform responses and to detect variations 
in potency or contamination of different 
batches.**:*5 

2. Failure of intended drug administra- 
tion. Precautions should be taken to safe- 
guard each enteral or parenteral adminis- 
tration so that the dose that is planned is 
actually given. This is more easily con- 
trolled in animal experiments than in hu- 
mans who may not cooperate, and who may 
deceive the person giving the medication. 
It may be that both placebos and drugs 
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employed during a clinical trial could be 
tagged with methylene blue to insure the 
ingestion of the tablet or capsule. 

3. Failure in the prevention of interfer- 
ing drug or food intake. It is just as impor- 
tant to guard against taking forbidden 
medication during a clinical trial as it is 
against not following a prescribed regime. 
Ingestion of alcohol, barbiturates, and tran- 
quilizers may interfere with the results of 
the therapeutic trial. It was repeatedly ob- 
served that organic mercurials failed to pro- 
duce diuresis because certain patients sur- 
reptitiously obtained salt or highly salty 
foods.”® 


lil. Outlook for the future 


Pharmacology, both animal and human, 
is in a state of continual growth, largely as 
a result of the introduction of new and 
highly useful drugs and the continued im- 
provement in methodology and instrumen- 
tation.27 A connecting link hetween animal 
and human pharmacology is the study of 
drug action in the experimentally produced 
conditions in animals which are either iden- 
tical with or closely resemble the diseases 
for which therapeutic agents are employed 
in the human. It is possible that pharma- 
cotherapeutics will achieve a status which 
will make many mechanical therapeutic 
procedures obsolete. Also, in addition to 
being an experimental scientist, the phar- 
macologist of the future may also become a 
theoretician. The theoretical pharmacolo- 
gist will, with confidence, ask the experi- 
mental pharmacologists to test his theories. 
It is quite possible that the theoretician 
will achieve such a degree of certainty in 
his theories that he may entertain doubts 
as to the experiments if the experimental 
verification does not agree with his predic- 
tions. In other words, pharmacology may 
eventually attain the present status of phys- 
ics. Pharmacology will certainly graduate 
from being medicinae humilis ancilla to be- 
come a truly exact science. 

The author wishes to express his gratitude to 


his friend, Dr. Michael Corrado, whose generous 
assistance made the writing of this paper possible. 
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The uptake of thiopental by body tissues 


and its relation to the duration of narcosis 


A mathematical analysis of the factors affecting thiopental redistribution in the human body 


after a single intravenous injection of the drug has been devised and presented. 


Concentration ratios of thiopental predicted mathematically were compared with 


those obtained by the direct measurement of concentrations in human blood and fat. 


Real and theoretical results agreed closely. According to the mathematical analysis, 


and also according to measurements made in man, the central nervous system 


attained a peak concentration of thiopental slightly less than 1 minute after intravenous 


injection of the drug. Five minutes later only half this concentration was present, 


and 10 to 20 minutes after this, only one tenth remained. The rate at which 


fat concentrated thiopental was too slow to explain the rate at which the central 


nervous system was- depleted. Instead, the lean body tissues rapidly took up most of the 


thiopental which the brain lost. The lean tissues thus appeared primarily responsible for 


depleting the central nervous system of the anesthetic. These findings suggest that 


fat plays a smaller role in limiting the duration of thiopental narcosis than has been supposed; 


conversely, the mass of the body and the rate at which its tissues are perfused with blood 


appear more important than has been recognized. 
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It is commonly believed that the anes- 
thetic actions of thiopental are terminated, 
not by metabolism of the drug, but by its 
concentration in body fat.2 Thiopental* is 
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highly fat soluble, but it has not been shown 
that its uptake by adipose tissue occurs 
rapidly enough to account for the speed 
with which consciousness is regained after 
intravenous injection of the drug. We have 
attempted to study this point.® Our conclu- 
sion is that fat does not play the role which 
has been ascribed to it. Fat concentrates 
thiopental so slowly that the rate of recov- 
ery from anesthesia ordinarily depends to a 
far greater extent upon the mass of the 
body than upon its fat content. Reasons for 
these statements, together with a quantita- 
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tive analysis of the kinetics of thiopental re- 
distribution in the body, will be presented 
below. 


Methods 


The data reported were acquired: (1) by 
the direct measurement of thiopental con- 
centration in human tissues at intervals after 
its intravenous injection, and (2) by con- 
struction of a hypothetical model which was 
analyzed mathematically, as is described in 
Section II. 


The direct measurements were made in 
8 human subjects undergoing surgical op- 
erations for the correction of varicose veins 
or of inguinal hernias and in 6 other subjects 
studied preoperatively. The first group of 
individuals received 0.4 mg. atropine sulfate 
and 100 mg. secobarbital sodium intramus- 
cularly 1 hour prior to operation. Prelimi- 
nary dissections were made with the use of 
local (1 per cent procaine ) anesthesia; sur- 
gical repair was completed under thiopen- 
tal anesthesia. Samples of blood were with- 
drawn from a brachial artery and fat was 
excised from subcutaneous tissue or omen- 
tum before and at various times after the in- 
jection of a single dose (150 to 300 mg.) of 
thiopental. Samples of rectus muscle were 
also obtained in 2 cases. Members of the 
second group were anesthetized with small 
doses of thiopental (50 to 100 mg. repeated 
once or twice) while sampling needles were 
inserted into a carotid artery and a jugular 
bulb under local (1 per cent procaine) an- 
esthesia. Blood samples were withdrawn si- 
multaneously from these vessels at various 
intervals after the intravenous (antecubital) 
injection of thiopental (150 to 350 mg.). 
In some cases cerebral blood flow was esti- 
mated by the nitrous oxide method of Kety 
and Schmidt.® Analyses for thiopental were 
performed by the method of Brodie and co- 
_workers.? During anesthesia the subjects’ 
respirations were assisted, with the use of 
intermittent positive airway pressure, as re- 
quired to maintain respiratory minute vol- 
ume within normal limits. 
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Results and discussion 


I. Studies in man. The quantity of thio- 
pental in human brain at various times after 
its intravenous injection was estimated by 
measuring simultaneously the cerebral blood 
flow and the concentrations of thiopental in 
carotid arterial and internal jugular venous 
blood. The quantity of thiopental in the 
brain was calculated as the integral of the 
arteriovenous concentration difference mul- 
tiplied by the flow rate. ‘ 

These studies indicated, with great con- 
sistency, that the brain rapidly took up thio- 
pental and attained a peak content equal to 
about 10 per cent of the dose slightly less 
than 1 minute after the end of the injection. 
Following this, the brain lost thiopental at 
such a rate that only half the peak content 
remained 5 minutes later; at the end of 20 
minutes roughly one tenth remained. 

The fate of the thiopental which the cen- 
tral nervous system gave up was sought. 
According to Brodie,? metabolic degrada- 
tion or urinary excretion could not account 
for such a rapid elimination of thiopental 
from the brain. Accordingly, the drug lost 
from the brain must have accumulated in 
other tissues. 

Fat, obtained as described in the meth- 
ods, was found to concentrate thiopental to 
only a small extent during the period con- 
sidered. The highest concentrations meas- 
ured during the first half hour after injec- 
tion were only 1.4 times those measured si- 
multaneously in blood. In this respect, fat 
behaved like other body tissues during the 
period considered. Since fat constitutes only 
one sixth or one seventh of the body mass,’ 
this observation makes it unlikely that the 
uptake of thiopental by fat contributed to 
an important extent to the process responsi- 
ble for depleting the brain of thiopental. 

Additional measurements supported the 
possibility that the more slowly perfused 
aqueous tissues (e.g., muscle, connective tis- 
sue, bone, lung, skin) could and did de- 
plete the brain of thiopental in the time con- 
sidered. These tissues comprise roughly 
three fourths of the mass of the body, but 
receive only one fourth of its blood flow. 
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For this reason, they would necessarily take 
up their “share” of the injected thiopental 
comparatively slowly, and in so doing 
would act to deplete the brain of this drug. 
By “share” is meant the content in any area 
at equilibrium. Rapidly perfused tissues in- 
itially get more than their “share” of thio- 
pental, and poorly perfused areas get less. 
As equilibrium approaches, the poorly per- 
fused tissues therefore deplete the rapidly 
perfused ones of the drug. Evidence for 
this theory was obtained by measuring thio- 
pental concentrations in arterial blood. 
The extent of equilibration between blood 
and lean body tissues was estimated by em- 
ploying thiopental itself as a “tag” for esti- 
mating its bodily distribution. The volume 
in which a substance is evenly distributed 
equals, by definition, the quantity of sub- 
stance present divided by its concentration 
in that volume. Thiopental is not evenly dis- 
tributed in the human body at equilibrium, 
but the concentrations present in blood and 
tissues are known with reasonable accu- 
racy.” With the use of these data, it was 
estimated that the calculated volume of dis- 
tribution for thiopental (dose/concentration 
in blood) would exceed the body volume 
(assuming density equal to one) by at 
least 20 per cent if only the watery tissues 
of the body were in equilibrium with the 
blood. This assumes no concentration of thi- 
opental by fat. If the fat were also saturated, 
the distribution volume would attain 3 times 
the body volume. Despite this, the calcu- 
lated volume of distribution failed even to 
equal the body volume for 15 minutes in 
any subject studied, and for as long as 25 
minutes after the injection of thiopental in 
half the cases. This finding can mean only 
that the lean body tissues still were taking 
up thiopental from the blood at these times, 
and thus that they were depleting the rap- 
idly perfused tissues (including brain) 
which had initially taken more than their 
“share” of thiopental. Loss of the drug from 
the body, if it occurred, would not vitiate 


*Rieders, F.: Personal communications (based on anal- 
ysis of human autopsy material). 
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this conclusion, since this would cause an 
overestimate rather than an underestimate 
of the volume of distribution. 

The only lean body tissue available to us 
for analysis was muscle. Samples of rectus 
muscle obtained at herniorrhaphy in 2 
cases contained less thiopental per gram 
than the blood did up to as long as 15 or 20 
minutes after injection of the drug. Tis- 
sue/blood concentration ratios began at 
nearly zero and increased toward unity dur- 
ing the period from 1 to 30 minutes after 
injection. 

These findings show that lean tissues can, 
but fat cannot, equilibrate with thiopental 
rapidly enough to account for the rate at 
which it is removed from the brain during 
the period considered. Unfortunately, most 
of the tissues which appear active in deplet- 
ing the brain of thiopental are difficult to 
obtain in living subjects. The distribution of 
thiopental in the human body, therefore, 
cannot be measured except at autopsy. In 
lieu of measurement, the quantity of this 
drug in various areas of the body can be 
predicted mathematically. This approach to 
the problem is offered in an effort to clarify 
the physical factors which are responsible 
for the distribution of thiopental in the body 
at various times after the intravenous injec- 
tion. 

II. Construction of a model to predict 
thiopental distribution in the human body. 
In normal individuals, substances injected 
intravenously are rapidly delivered to and 
completely mixed with blood contained in 
a central pool of about 1.5 L. comprising 
the contents of the great vessels, cardiac 
chambers, and pulmonary vasculature. In 
the following analysis it is supposed that 
when thiopental is injected intravenously, 
it is mixed at once with the central pool and 
distributed immediately to the tissues. 
Since the circulation time is short in rela- 
tion to the time needed for tissue equili- 
bration, we have neglected the time needed 
for movement of thiopental from the heart 
to the tissue capillaries. It is further assumed 
that the blood (or lymph) leaving any tis- 
sue is in equilibrium with that tissue with 
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Fig. 1. Schematic diagram of the model. A, Pump 
(central blood pool). B-G, Various bodily tissues 
(compare Table I). 


respect to its thiopental concentration. It is 
assumed that neither metabolism nor excre- 
tion of thiopental occurs during the period 
considered. Finally, it is assumed that thio- 
pental injection does not alter tissue blood 
flow to any large extent. Reasons exist for 
believing that these assumptions are suffici- 
ently correct for the present purpose. 

This analysis, in effect, considers the tis- 
sues of the body as an infinite number of 
separate compartments which are connected 
by a circulatory pump. Fig. 1 shows this 
schematically. In order to simplify the anal- 
ysis we have lumped together compart- 
ments which have similar rates of perfusion 
per unit mass and similar affinities for thio- 
pental. Six such compartments are de- 
scribed*:1-1° in Table I. 

A mathematical solution ‘for thiopental 
distribution can be written as follows: 


1) Amount of thiopental injected = MaCa+ 


RpMsCs + - - - - RaMeCe 
2) RpMs, “= = Qs (Ca _— Cp) 
3) ReMe eee = Qc (Ca — Co) 


4)-7) Similarly, for D to G. 


*Rieders, F.: Personal communications (based on anal- 
ysis of human autopsy material). 
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Where C equals the concentration (w/w) 
of thiopental at any time in blood or lymph 
leaving any area (A to G), Q is the rate of 
blood and lymph flow through these areas, 
M is their mass, and R is the concentration 
ratio (tissue/blood) of thiopental in these 
areas at equilibrium. Since the equations 
are simultaneous, they can be solved to 
yield estimates of the concentrations of thi- 
opental in various tissues at any time after 
its injection.* Since the characteristics of 
the visceral organs were similar, they were 
treated together as a single compartment in 
most solutions. 


Table I. Characteristics of human body 
compartments 


Ratio of equi- 
librium con- 
Blood Mass | centrations of 


Compartment flow (Kg.) | thiopental 
(ml./min.) (tissue/ 
blood) 
A Central blood 
pool 5,400 1.5 1.0 
B_ Central nerv- 
ous system 800 23 1.4 
C Myocardium 250 0.3 52 
D Portal circu- 
lation 1,700 2:5 1.9 
E Renal 1,000 0.3 2.0 
Visceral 3,750 4.4 1.5 
Visceral 3,750 4.4 ES 
Other aqueous 
tissue 1,400 55.0 aaa 
G Fat 250 10.0 11.0 
Total 5,400 70.9 2.9 





III. Testing the model. Solutions of the 
equations were checked against results ob- 
tained empirically in order to determine the 
accuracy of the theoretical approach. In 
Table II are shown the concentrations of 
thiopental estimated to be present in jugu- 
lar venous blood at various times after thio- 
pental injection. The concentration meas- 








®°We wish to thank M. L. Rockoff, Computer Center, 
University of Pennsylvania, for aid in programming these 
equations for solution on a digital computer. 


20 Price et al. 


THIOPENTAL 

DISTRIBUTION 

(9% OF BODY VOL.) 
150 7 


i) 
Q 
O 


(p 
O 
— ee 


z 
0 


n 
oO 


ro EI 
8 12 16 20 min. 


THIOPENTAL 

INJECTION 

Fig. 2. Distribution of thiopental in the body at 

various times after its intravenous injection. (For 
explanation see text. ) 


ured (as described in the methods) at 1 
minute was arbitrarily assigned a value of 
100 per cent; concentrations measured at 
other times were expressed in terms of this 
value. Similar data were obtained from the 
mathematical solutions and these were 
compared with the measured values. The 
extent of the agreement between real and 
theoretical results is remarkable. 

The distribution volume (as described in 
section I) was also calculated both from 
measured and mathematically predicted 
concentrations of thiopental in arterial blood. 
The measured data are those described in 
section I. Those used to predict concentra- 
tions mathematically are shown in Table 
I. Fig. 2 shows the extent of agreement be- 
tween measured (dots) and calculated 
(line) data. The agreement is sufficiently 
close for the present purpose, although 
there is some difference among subjects, and 
a tendency for the volume calculated from 
measured concentrations initially to sur- 
pass and later to lag behind the theoretical 
one. Reasons for these discrepancies will be 
considered in another paper. 

Table III shows the calculated and meas- 
ured concentrations of thiopental in fat at 
various times after injection of the drug. 
The calculated values were derived from 
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Table II. Concentrations of thiopental in 
internal jugular venous blood 


Per cent of level at 1 minute 
Time after intravenous injection 
No. after 


cases | injection 
studied | (min.) 


Measured 


Predicted | ( Average) | (Range) 


1 100 100 100-100 
2 90 81 73- 88 
4 65 59 53— 66 
8 40 36 34— 40 
6 15 12 _ 

2 


10 —_ —_ 


1 
3 


Table III. Calculated and measured thio- 
pental concentrations in human fat at vari- 
ous times after intravenous injection 


Concentrations 


Time relative to blood Sica 


(min.) Hela: | Bla, Source of fat nis 
lated ured p 


10-15 0.9 0.7 
16-20 1.4 1.2 
21-25 1.8 1.4 


Subcutaneous 
Subcutaneous 
Subcutaneous 
oe 


solution of the simultaneous equations just 
described. The measured values were ob- 
tained by analyzing samples of subcutane- 
ous and omental fat excised at various 
times after intravenous injection of a single 
dose (150 to 300 mg.) of thiopental in 4 
subjects undergoing operation. The extent 
of the agreement is good, although the fat 
which was examined took up only 80 per 
cent of what was theoretically predicted. 
The three sets of comparisons between 
measured and predicted values which have 
been reviewed show a high order of agree- 
ment, and suggest that the model described 
in section II is adequate to predict the dis- 
tribution of thiopental in the human body. 
IV. Distribution of thiopental in the body 
after a single intravenous injection. Fig. 3 
shows the distribution of a single dose of 
thiopental in the body at various times after 
its intravenous injection. The viscera (heart, 
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Fig. 3. Distribution of thiopental in different bodily 
tissues and organs at various times after its intra- 
venous injection. 


kidney, splanchnic area, and central nervous 
system ) have been treated as a unit. All of 
the data in the figure were derived mathe- 
matically as described in section II. It 
should be noted that the time scale pro- 
gresses geometrically, not linearly. 

The figure shows that the thiopental in 
the central pool is soon depleted as the re- 
sult, primarily, of uptake by the rapidly per- 
fused visceral tissues. At 1 minute after in- 
jection, for example, the rapidly perfused 
viscera contain 55 per cent of the dose, al- 
though their combined mass is only 6 per 
cent of the body weight. The central pool 
now contains only 12 per cent of the origi- 
nal dose of thiopental, the fat 5 per cent, 
and the poorly perfused aqueous tissue 28 
per cent. The thiopental which is at this 
moment so greatly concentrated in the rap- 
idly perfused viscera is again redistributed 
as time passes, principally because it enters 
other aqueous tissue. Uptake by fat is rela- 
tively unimportant until much later. For ex- 
ample, at 30 minutes after the injection, the 
rapidly perfused tissues contain only 5 per 
cent of the injected dose, and the fat 18 per 
cent, while the poorly perfused aqueous tis- 
sues contain 75 per cent. In other words, the 
‘vital organs, including the brain, have by 
now given up 91 per cent of their peak con- 
tent or half the total dose, but the fat has 
gained less than one fourth of this, while 
the poorly perfused aqueous tissues have 
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gained more than three fourths. When equi- 
librium occurs (after more than 8 hours), 
fat will contain about 60 per cent of the 
injected dose, viscera 4 per cenit, and the 
other aqueous tissues the remainder. Thus, 
by 30 minutes after the injection, the viscera 
will have proceeded 96 per cent of the way 
toward their final thiopental content as the 
result, predominantly, of drug uptake by 
the slowly perfused aqueous tissues. Fat ac- 
quires thiopental principally from the 
slowly perfused tissues and not from the 
viscera. For this reason, the percentage of 
body fat may not significantly affect the 
quantity of thiopental in the central nervous 
system under the conditions described. This 
is not to say that the total quantity of fat is 
unimportant, because an increase in the 
total perfused body mass from any cause, 
without increase in the visceral mass, would 
result in an increased early rate of with- 
drawal of thiopental from the central nerv- 
ous system. The early effect would occur, 
however, if the added tissue were muscle, 
bone, or fat, because it depends more upon 
tissue blood flow and mass than upon the 
affinity of the tissue for thiopental. Fat ex- 
erts its full ability to concentrate thiopental 
much later (more than 8 hours after injec- 
tion). The proportion of fat in the body 
would thus be of more consequence long 
after massive single doses or after long in- 
fusions, i.e., when all the watery tissues 
were saturated with the drug. 

To test these predictions further, the per- 
centage of an injected dose of thiopental 
calculated to be in the central nervous tis- 
sues of a normal person (70 Kg., 15 per cent 
fat), was compared with that estimated for 
an obese person (85 Kg., 30 per cent fat). At 
1 minute after the injection, the central 
nervous system content of thiopental was 
approximately 14 per cent of the dose in 
both cases. At the end of 1 hour, the central 
nervous system was estimated to contain 
1.27 per cent of the dose in the normal per- 
son, and 0.83 per cent in the obese person. 
The quantity of thiopental removed from 
the nervous system in 1 hour thus was 94 
per cent of the peak content in t!ie obese 
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person and 91 per cent in the normal per- 
son. About half of this difference is attribu- 
table to the greater mass of the obese per- 
son. The other half is attributable to the fact 
that the excess tissue was fat, rather than 
muscle, connective tissue, or bone. 

These observations are not surprising be- 
cause fat, although high in thiopental af- 
finity, is poorly perfused. The rate of per- 
fusion per gram is nearly the same in fat 
as in resting muscle,° but the rate of perfu- 
sion per unit of dilution capacity (mass 
times affinity) is low; therefore, fat cannot 
come into equilibrium with fat-soluble sub- 
stances contained in arterial blood for a 
long period. Consequently, the concentra- 
tion of thiopental in fat builds up slowly. 
Under the conditions considered, fat con- 
tained only half its equilibrium concentra- 
tion 2 hours after injection of the drug. 

Brodie and his associates? observed sim- 
ilar saturation rates in their work with dogs 
and commented upon the slowness with 
which various fat depots attained a uniform 
concentration of thiopental. Their interpre- 
tation differs from ours largely because they 
considered fat to be the only tissue capable 
of depleting the viscera of thiopental. Their 
data, however, like ours, indicate that the 
concentration of thiopental in muscle in- 
creased slowly to attain a maximum at 
about 20 minutes after thiopental injection. 
They did not interpret this finding. We in- 
terpret it as supporting our belief that the 
uptake of thiopental by lean body tissues 
is very important in depleting the visceral 
organs (e.g., brain) of thiopental. 

Another consequence of the slow and per- 
sistent uptake of thiopental by fat is that 
it could cause an overestimate of the rate 
at which thiopental is metabolized. Brodie 
and his associates*® considered that the rate 
of disappearance of thiopental from the 
blood at times greater than 1 or 2 hours 
after injection was equal to the metabolic 
rate. According to our data, one third to one 
half of the rate of disappearance noted by 
these authors, and attributed to metabolism, 
was actually caused by continuing deposi- 
tion of the drug in fat. This finding rein- 
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forces their conclusion that the metabolism 
of thiopental occurs slowly. It must be 
even slower than their estimate would in- 
dicate. It minimizes the role which should 
be ascribed to fat, however, for the rapidity 
of fat uptake appears to be no greater than 
the rate of metabolic degradation. Accord- 
ingly, these two processes should be of 
equal (and small) importance in limiting 
the duration of narcosis after a single in- 
travenous injection of thiopental. 
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Effects in man of single and combined oral 


doses of reserpine, iproniazid, and p-lysergic 


acid diethylamide 


The use of d-lysergic acid diethylamide, LSD, as a reference standard for the evaluation 
of psychopathologic symptoms was tested. A group of healthy male volunteers 
took weekly doses of LSD in order to become familiar with the temporary mental 


changes induced by the drug. 


The subjects were able to identify three dose levels of LSD and to differentiate LSD 
from placebo and other drugs. A standard curve of the responses to LSD could 


be constructed for these subjects. 


A combination of reserpine plus iproniazid was found not to produce LSD-like 
psychopathologic symptoms. The addition of reserpine and iproniazid to LSD 
did not change the degree or intensity of LSD-induced psychopathologic 


symptoms in man. 


Edmund W. J. DeMaar, M.D.,* Harry L. Williams, M.D., 


A. !. Miller, M.D., and C. C. Pfeiffer, M.D. Emory University, Ga. 
Department of Pharmacology, Emory University 


The psychic effects of d-lysergic acid di- 
ethylamide (LSD) mimic certain psycho- 
pathologic symptoms which are observed 
in psychiatric conditions such as schizo- 
phrenia. Reserpine treatment diminishes 
the psychotic symptoms of some schizo- 
phrenic individuals, but, when adminis- 
tered orally, does not antagonize the mental 
effects of LSD in normal man.’ A possible 
difference may thus exist in the action of 
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reserpine on these two types of psycho- 
pathologic reactions. 

Reserpine decreases the content of nor- 
epinephrine and _ 5-hydroxytryptamine 
(5-HT) in the rabbit brain.?"* The normal 
destruction of 5-HT is inhibited by the 
monoamine oxidase inhibitor iproniazid.?° 
The combined administration of reserpine 
and iproniazid has been reported to pro- 
duce LSD-like symptoms in the rabbit.® 
These symptoms have been.attributed to an 
increase in the free 5-HT in the brain, re- 
sulting from its release by reserpine and 
the subsequent prevention of its destruc- 
tion by iproniazid. For these reasons, it 
has been suggested that free 5-HT may be 
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involved in the development of psychopath- 
ologic symptoms in man. The combined ad- 
ministration of 11-desmethoxyreserpine 
and iproniazid, however, decreases the se- 
verity of the psychopathologic symptoms of 
schizophrenic patients. The effects of the 
drug combination, reserpine plus iproni- 
azid, on normal man have not been re- 
ported. 

We have compared, in normal man, the 
mental and physical effects of the drug 
combination, reserpine plus iproniazid, with 
those of LSD. To study the possibility of a 
decrease or an increase of the LSD-effect 
by reserpine plus iproniazid, the combina- 
tion of all three drugs also has been em- 
ployed. The use of LSD as an investigative 
tool in psychopharmacology requires a 
method of mathematical measurement of 
the mental response. The effect of LSD is 
experienced by a human subject in various 
ways. Subjects report changes in mood, 
either in the direction of euphoria or de- 


pression, anxiety and nervousness in the: 


form of muscular stiffness and “inner trem- 
ors,” difficulties in concentration and in ori- 
entation in time, feelings of strangeness 
and dreamlike states. Other changes are al- 
terations in sensory modalities, distortions 
of the body image, changes in the appreci- 
ation of taste, smell, and sound, and a 
number of visual phenomena which in- 
clude blurring of vision, perceptual 
changes in distance, size, shape, and color, 
and the appearance of kaleidoscopic pat- 
terns. 

Conventional psychometric tests do not 
measure these alterations in status and per- 
formance of the mind. Questionnaires can 
be used on untrained subjects to distinguish 
between LSD and placebo,! but cannot be 
used to distinguish significantly between 
dose levels of LSD with 25 yg intervals. 
When a subject has received LSD several 
times, apparently he. then becomes able to 
identify the drug and to quantify the dose 
given with a high degree of precision.*:® 
In this study we have relied on these sub- 
jective reports by trained subjects. The ex- 
perimental design employed rigidly con- 
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trolled and standardized conditions to 
make this subjective evaluation as uniform 
as possible. 


Methods 


Selection of subjects. The experimental 
subjects were a group of 16 volunteers, all 
inmates of the U.S. Federal Penitentiary in 
Atlanta, Georgia. They were in good physi- 
cal health, their mean age was 34 years, 
and their mean weight was 160 pounds. A 
Rorschach test was performed on them to 
detect subjects with latent psychotic ten- 
dencies. The latter as well as emotionally 
unstable individuals were excluded from 
the study. Of the subjects chosen, the I.Q. 
ranged from 90 to 123, and the “psycho- 
pathic deviant” scores of the Minnesota 
Multiphasic Personality Inventory had a 


mean of 68.1, with a range from 50 to 90. 


Except for character disorders, no psychi- 
atric abnormalities were present in these 
subjects. 

Administration of drugs. Treatments 
were administered orally, 2 hours after a 
light breakfast, once a week. A double- 
blind control was used. Each time 50 ml. 
quinine-flavored liquid and four tablets 
were given. The treatments tested were: 
2 mg. reserpine with 100 mg. iproniazid; 
LSD in doses of 25, 50, and 100 »g; LSD in 
doses of 25 or 50 pg with 2 mg. reserpine 
and 100 mg. iproniazid; 2 mg. reserpine; 
100 mg. iproniazid; and LSD in doses of 
25 or 50 wg in combination with either 2 
mg. reserpine or 100 mg. iproniazid. 

Procedures. The subjects were divided 
into 8 groups of 2 each. All groups were 
tested in a hospital room with 4 groups 
of subjects present each time. The subjects 
were encouraged to stay in bed during the 
trials. The objective signs of drug effect 
were measured and recorded by one of the 
physicians participating in the project. 
These included hourly measurements of 
blood pressure, pulse rate, pupil diameter, 
oral temperature, and hand steadiness. The 
latter was measured with a technique 
which required the subject to introduce a 
round metal stylus into a hole with a di- 
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ameter of 2, 3, or 4 mm. The subject was 
instructed to hold the stylus in the hole for 
a period of 30 seconds and to avoid contact 
with the edges. The number of contacts for 
each hole was expressed in counts (errors ) 
per 30 seconds. An increase in the number 
of counts indicated a decrease in hand 
steadiness. The scores provided only a 
rough estimate of the steadiness. 

The subjective mental effects were as- 
sayed on the basis of an interview with the 
subjects on their experiences 3 hours after 
medication. Each subject had experienced 
during his training the effects of single 
doses of 25, 50 (either one of them twice), 
and 100 »g LSD, at least 4 times. He was 
able to identify typical symptoms of the 
LSD effect and had learned to associate 
the number and the intensity of symptoms 
with particular doses of LSD. During the 
interview the subject was asked to identify 
his symptoms with the help of a series of 
questions.’ The questions were arranged in 
an order of decreasing effects with those 
at the highest dose level appearing at the 
top and those with placebo at the bottom. 
Questioning was started alternately at the 
top or at the bottom of the list. The list 
follows: 

Are things moving around you? 

Do you have “funny” feelings on 
your skin? 

Do you feel unsteady? 

Do you feel as if in a dream? 

Do you tremble inside? 

Is there pressure in your ears? 

Do you have difficulty in focusing 
vision? 

Do you feel, weak? 

Do your hands and feet feel light or 
peculiar? 

Is your skin sensitive? 

Is salivation increased? 

Is your appetite increased? 

Do you feel ill in any way? 

Do your hands and feet feel heavy? 

. Are you nauseated? 

Do you have a “funny” taste in your 
mouth? 

Do things seem too far away? 
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18. Is your hearing more acute than 

usual? 

19. Do things seem too close? 

20. Are your palms dry or cold? 

21. Do you see double? 

22. Does light bother you? 

23. Are you cold? 

24. Do you feel fatigued? 

25. Is your appetite decreased? 

26. Are you anxious? 

27. Does your head ache? 

28. Do you feel drowsy? 

Finally the subject was asked whether 
he thought he had received LSD, and if 
so, what dose. The subject had a choice of 
six dose levels: 0, 25, 50, 75, 100, and over 
100 »g. The dose level stated was recorded 
and used in the assays as the quantitative 
value of the drug response to LSD. 

Twenty-four hours after the administra- 
tion of the drugs, the subjects prepared a 
written statement in which they compared 
the duration of the mental effects of this 
drug with the effect of the drug given the 
previous week and indicated whether there 
were any prolonged effects beyond .3 hours 
after medication. After they had prepared 
their written statement, the subjects were 
told the drug and the dose administered. 
This learning process increases their so- 
phistication for discerning the mental ef- 
fects of the drug. 

Design. The main data in these experi- 
ments were collected from 2 blocks of 
treatments. They were designed with 4 ob- 
jectives in mind: 

1. Do the subjects discriminate between 
LSD and other drugs? 

2. Do the subjects discriminate between 
doses of LSD? 

3. Does the combination of iproniazid 
plus reserpine induce LSD-like effects? 

4. Does the addition of reserpine and 
iproniazid to LSD alter the number and 
the intensity of the psychopathologic symp- 
toms? 

Before the first block of treatments was 
started, the subjects were acquainted with 
the mental and physical effects of a 100 
mg. dose of iproniazid and 2 and 4 mg. 
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Table I. Subjects’ groups 
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Trial 


land 5 


Reserpine 2 mg. 


Iproniazid 100 mg. 


LSD 50 ug 


LSD 25 ug 


a 
Iproniazid 100 mg. 


Reserpine 2 mg. 


Iproniazid 100 mg. 


2 and 6 


LSD 25 ug 


Reserpine 2 mg. 


Iproniazid 100 mg. 


Reserpine 2 mg. 


Iproniazid 100 mg. 


LSD 25 ug 


sh 
Iproniazid 100 mg. 


3 and 7 


Reserpine 2 mg. 


Iproniazid 100 mg. 


LSD 50 ug 


4. 
Iproniazid 100 mg. 


LSD 25 ug 


Reserpine 2 mg. 


Iproniazid 100 mg. 


4 and 8 


LSD 50 ug 

4. 
Iproniazid 100 mg. 
Reserpine 2 mg. 

+ 
Iproniazid 100 mg. 
LSD 50 ug 


Reserpine 2 mg. 


Iproniazid 100 mg. 


Table II. Subjective identification of LSD 


Medication received 


LSD 

Reserpine + iproniazid 
LSD + iproniazid 
Iproniazid 


doses of reserpine. Following iproniazid 
alone, 4 subjects reported no effects at all, 
and 5 reported flush and warmth associ- 
ated with a feeling of well-being or relaxa- 
tion. One subject identified iproniazid once 
as a dose of 50 »g LSD. The reported side 
effects of reserpine were diffuse headache, 
nasal stuffiness, and facial flush. Doses of 
25, 50, and 100 »g LSD were included in 
the treatments to maintain the sophistica- 
tion of the subjects for the effects of LSD. 


Results 


In the first block of 4 treatments (Table 
I), the combination reserpine-plus-iproni- 
azid was matched with LSD in doses of 
25 or 50 wg, and similar doses of LSD-plus- 
iproniazid. The objective was to test 
whether the combination of iproniazid- 
plus-reserpine induced an LSD-like effect. 


Reported as 


No LSD 


24 
3 
8 


The combination of 2 mg. reserpine-plus- 
100 mg. iproniazid was given 27 times. The 
LSD-like effect was reported only 3 times. 
All subjects indicated feelings of warmth, 
showed facial flushing and conjunctival in- 
jection. Later they reported congestion of 
the nasal mucosa. Feelings of drowsiness or 
relaxation were reported 5 times. Five trials 
were missed. 

Inspection of the scores made for identi- 
fication of LSD and the scores made for 
the combination of reserpine and iproni- 
azid shows that the subjects are able to dis- 
criminate between LSD and other drugs 
and, therefore, that there is no reason to 
assume that an LSD-like effect is induced 
by the reserpine-iproniazid combination in 
these subjects (Table II). 

The physical findings do not reveal any 
similarities in man between LSD and this 
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combination in the doses and route used. 
The combination does not induce the most 
constant LSD effect, dilatation of the pupil. 
There is a lowering of systolic and diastolic 
blood pressure, while LSD induces a rise 
in systolic blood pressure. 

This first testing procedure gave infor- 
mation about the absence or presence of an 
LSD effect in the range from zero to a 25 
or 50 wg dose. A smaller LSD-like effect 
may be detectable by testing for an addi- 
tive, potentiating, or antidotal effect of re- 
serpine and iproniazid on the LSD re- 
sponses. This method may be more sensi- 
tive. A second block of treatments was set 
up with these objectives in mind (Table 
III). 

The objectives 2 and 4 were now con- 
sidered. Do the subjects discriminate be- 
tween doses of LSD? Furthermore, does 
the addition of reserpine and iproniazid 
to LSD change the number and the inten- 
sity of the psychopathologic symptoms? 
For the evaluation of the presumed change 
a standard dose response curve of the 
group, acting as a whole, for the mental 
effects of LSD had to be determined. 

In a quantitative method of evaluation 


Table III. Subjects’ groups 
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DOSE 
LSD REPORTED 





100 


50 


25 











25 : 7 a | 100 
LOG DOSE ADMINISTERED 


Fig. 1. Response curves of the quantitative estima- 
tion are plotted for d-lysergic acid diethylamide 
alone and in combination with reserpine, 2 mg., 
plus iproniazid, 100 mg., on a semilogarithmic 
scale. The ordinate is the dose of LSD recorded. 
The abscissa is the actual dose administered 
plotted on a logarithmic scale. 


the estimated doses for LSD alone at the 
three dose levels have been pooled and 
their means plotted against the log of the 
administered doses. These 3 points can be 
joined by a straight line (Fig. 1). Table 
IV gives the means of the values obtained. 
Table V gives the results of the analysis of 
variance on the data, including the con- 
trols, obtained from the administration of 
LSD alone. The log-dose response rela- 





Trial 1 and 3 2 and 4 5 and 8 6 and 7 
1 LSD 25 ug LSD 50 ug LSD 100 ug Reserpine 2 mg. 
4. 
Iproniazid 100 mg. 
2 Reserpine 2 mg. LSD 25 ug LSD 50 ug LSD 50 ue 
+> + + 
Iproniazid 100 mg. Reserpine 2 mg. Reserpine 2 mg. 
+ + 
Iproniazid 100 mg. _ Iproniazid 100 mg. 
3 LSD 25 ug LSD 25 ug LSD 50 ug LSD 50 ug 
+ > 
Reserpine 2 mg. Reserpine 2 mg. 
+ + 
Iproniazid 100 mg. Iproniazid 100 mg. 
4 LSD 50 ug Reserpine 2 mg. LSD 25 ug LSD 100 ug 
T + 
Iproniazid 100 mg. Reserpine 2 mg. 
rr 





Iproniazid 100 mg. 
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Table IV. Quantitative evaluation of LSD 


Medication received 
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Mean of doses reported and 
standard error of the mean 





LSD 25 ug 
LSD 50 ug 
LSD 100 ug 


LSD 25 ug 
-+- 


Reserpine 2 mg. 
| Iproniazid 100 mg. 
LSD 50 ug 

$- 


Reserpine 2 mg. 





+ 
Iproniazid 100 mg. 


mn 
~I 
m © <¢ 
He He H+ 
COW W 
mo co 


+ 6.3 


$7.3 + 3.2 


Table V. Analysis of variance of the results of experiments to show the ability of the group 


to identify doses of d-lysergic acid diethylamide 





Source of 

variation > po df MS F iP 
Curvature 46445 .20 2 23222 .60 Soe 0.05 
Linear regression 71427.80 1 71427.80 169.5 0.05 
Doses 117873 .00 3 39291 .00 93.3 — 
Error 50944 . 46 121 421.03 -- — 

Total 168817 .46 124 — -- —- 


tionship is significantly linear, P>0.01 and 
<0.05. The curve is straight from 25 to 
100 »g. There is a curvature from zero to 
25 pg. All three errors were pooled because 
the variations due to subjects and the vari- 
ations due to the interaction between doses 
and subjects were not larger than the varia- 
tion between replicate tests using the 
same dose on the same subject. 

A relationship does exist between the 
doses administered and the doses reported 
for the group acting as a whole. Therefore, 
the standard curve in Fig. 1 can be used as 
a measure of the psychic effects of LSD in 
graded doses. It shows that this group of 
subjects is able to identify the intensity of 
psychopathologic symptoms and to corre- 
late these symptoms with a certain dose 
of LSD. 


The number and the intensity of the psy- 
chopathologic symptoms induced by 25 and 
50 wg of LSD as shown in this assay and 
those induced by the combination of LSD 
plus reserpine and iproniazid were com- 
pared. There was no significant difference 
between these two curves and hence be- 
tween these two treatments (Fig. 1). No 
difference in duration of the effects was 
revealed by the written statement. 

The effects of LSD either in combination 
with reserpine only or with iproniazid only 
also were tested in 10 and 17 trials, respec- 
tively, to exclude the possibility that the 
resultant LSD-combination curve was the 
algebraic sum of two gross opposite effects. 
The mean reported doses of these two treat- 
ments did not differ from the LSD-stand- 
ard values, 
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In a final evaluation of the results of all 
trials the objective was to determine 
whether subjects can discriminate between 
LSD and other drugs. The results of 172 
trials were available for analysis. Of this 
total, 122 were administrations of LSD, 
either alone in doses of 25, 50, or 100 pg or 
in combination with other drugs. The re- 
maining 50 were administrations of other 
drugs alone. In 122 administrations of LSD, 
the subjects reported an LSD-like effect 
113 times. “No LSD” was reported 49 times. 
Analysis by chi-square test of the scores 
gave a value of 116.8, P<0.001. Thus, it 
was established that the ability of the sub- 
jects to discriminate between the treat- 
ments was highly significant. 


Discussion 


The use of d-lysergic acid diethylamide 
as a reference standard for the evaluation 
of psychopathologic symptoms was ex- 
amined. Within the range of dose levels of 
0, 25, 50, and 100 ug, a group of subjects 
was able to establish a relationship between 
the doses administered and the doses of 
LSD reported. The measurement of such a 
highly individual response as the amount 
and degree of intensity of psychopatho- 
logic symptoms based on the estimation 
of the dose administered has the advantage 
of being simple and rapid. The highly sig- 
nificant value for the difference obtained in 
identification scores between LSD and 
other drugs indicates usefulness of LSD 
in an assay of this type of psychic activity. 

An estimate of how many of these re- 
sponses in general are required for a reli- 
able assay, however, cannot be given for 
these data. In this study the error of the 
assay has been small, partly because of the 
inclusion of a large number of zero re- 
sponses on zero dose. The number of re- 
sponses required will of course depend on 
such variables as the background and train- 
ing of the subjects. The maintenance of a 
constant group of well-trained subjects 
makes this technique difficult, unless special 
experimental conditions such as a closed 
ward or penitentiary are available. Even 
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in spite of the rigidly controlled experi- 
mental conditions some subjects were ab- 
sent at one or two trials and two had to be 
replaced during the course of these experi- 
ments. These exclusions disrupted the Latin 
square design of the experiment and there- 
fore no information on possible changes in 
drug or subject responses with time was 
obtained. 

In previous studies atropine, niacin, and 
2-brom-d-lysergic acid diethylamide were 
shown to be ineffective as modifiers of the 
LSD response in man.’ Chlorpromazine‘ 
and amobarbital were reported to diminish 
the response.® In this study the combina- 
tion of reserpine and iproniazid did not 
alter the development of LSD-like psycho- 
pathologic symptoms. 

In the quantitative assay of this study 
identical curves were obtained for LSD 
alone and in combination with doses of 
reserpine and iproniazid. Therefore, these 
treatments were similar in their psychic ef- 
fects. The conclusion may be drawn that 
there was no extensive change by the ac- 
tion of reserpine plus iproniazid on LSD- 
induced psychopathologic symptoms, which 
would be expected if free 5-HT were re- 
lated to or interfered with the development 
of LSD psychopathologic symptoms. The 
results of the present study fail to support 
this concept. 


Conclusions 


1. The subjective and physical effects of 
the drug combination reserpine plus iproni- 
azid have been compared with the effects 
of d-lysergic acid diethylamide on trained 
healthy male volunteers. 

2. Evaluation of psychic effects has been 
based on interviews 3 hours after drug ad- 
ministration and on written statements 
prepared 24 hours later. 

3. Subjects can discriminate between the 
mental effects of LSD and those of the 
drug combination and are able to estimate 
the three dose levels of LSD administered. 

4. The scores for qualitative identifica- 
tion of LSD and the combination of reser- 
pine plus iproniazid indicate that the psy- 
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chic and physical effects of these two treat- 
ments are dissimilar. Therefore, the effects 
of the combined administration of reser- 
pine plus iproniazid do not mimic those of 
LSD. 

5. The log-dose response curves for the 
dose identification of the two dose levels 
of LSD and the two dose levels of LSD 
plus reserpine and iproniazid show that 
these treatments do not differ in their psy- 
chic effects. The combination of reserpine 
plus iproniazid neither increases nor de- 
creases the degree and intensity of LSD- 
induced psychopathologic symptoms in 
man. 
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The clinical use of an epoxide alkylating 


agent, epoxypropidine, in neoplastic disease 


In a study of a series of synthetic bis-epoxide alkylating agents, a correlation was found 
between base strength and antileukemic effectiveness. Epoxypropidine (1,1'-bis (2,3 
epoxypropyl)-4,4’-dipiperidyl) was the most active analog in this regard and, in addition, 


possessed physical characteristics desirable for a pharmacologic agent. Preclinical trials 


revealed greater antitumor activity on a weight-for-weight basis than that of an analog 


of the same series which had been demonstrated to be of clinical usefulness. Epoxypropidine 
was used clinically in the treatment of 21 patients with neoplastic diseases. Objective 


response and significant clinical improvement were noted in patients with Hodgkin's 


disease, lymphosarcoma, reticulum cell sarcoma, and chronic myelogenous leukemia. Clinical 


experience with this agent in a dose causing comparable leukopenia was similar to that with 


another alkylating agent of the epoxide class, diepoxypropylpiperazine, and with nitrogen 


mustard. Epoxypropidine caused none of the visual aberrations seen with 


diepoxypropylpiperazine and, in divided doses, less nausea and vomiting than are seen 


with comparable doses of nitrogen mustard. Despite the greater activity by weight of 


this compound compared to the piperazine analog, the therapeutic index was not improved. 


Although compounds of greater clinical convenience have been devised, the general 


experience with alkylating agents to date argues against the probability of increasing 


anticancer activity by altering prosthetic groups. 


Daniel G. Miller, M.D., Henry D. Diamond, M.D., F.A.C.P., and Lloyd F. 
Craver, M.D., F.A.C.P. New York, N.Y. 


In the search for alkylating agents with 
greater tumor specificity or a higher thera- 
peutic index, analogs of the ethylene imine 
and sulfonoxy methane classes have been 
extensively investigated.’ The biologic sig- 
nificance of epoxides as alkylating agents 
was first described by Ross* in 1950, and 
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since that time a limited number of reports 
have appeared on the therapeutic useful- 
ness of members of this class of compounds. 
6.7.10 In a previous paper,’ the results of 
therapy with diepoxypropylpiperazine have 
been presented. This report deals with the 
dosage, method of administration, results, 
and side effects observed in the treatment 
of patients with neoplastic disease with di- 
epoxypropylbipiperidy] (1,1’-bis (2,3 epoxy- 
propyl )-4,4’-dipiperidyl), which hereafter 
will be referred to by the generic name 
epoxypropidine. 
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Fig. 1. Reaction of bis-epoxides with KH,PO,- 
K,HPO, mixtures at pH 7-8; (1) diepoxypropyl- 
bipiperidyl (epoxypropidine), (2) diepoxypropyl- 
piperazine, (3) diepoxybutane. (Adapted from 
Gerzon and associates.’ ) 


Gerzon and colleagues? in a study of a 
group of diamine bis-epoxides observed a 
correlation between the base strength of the 
bis-epoxides and their antileukemic effec- 
tiveness. This is a confirmation of the state- 
ment by Ross* that “. . . this type of com- 
pound would be expected to react more 
readily with nucleophilic centers in regions 
where acidity is relatively high. This might 
be significant from the standpoint of selec- 
tive action towards different tissues.” Other 
factors found to influence the biologic ac- 
tivity of this group of compounds were 
steric configuration, intrinsic molecular sta- 
bility, and solubility in water. 

Gerzon’ suggested that a comparison of 
the rates of alkylation of the epoxy com- 
pounds with anions at a pH in the physio- 
logic range might correlate with biologic 
activity. He chose a study of phosphorolysis 
because of the biologic significance attrib- 
uted to the interaction of alkylating agents 
with the phosphate groups of nucleotides.® 
Fig. 1 is a diagram of the comparative rates 
of reaction of three epoxide compounds, 
with epoxypropidine showing greater reac- 
tivity than diepoxypropylpiperazine or diep- 
oxybutane. Furthermore, there was a dis- 
tinct paralle! between the chemical reac- 
tivity toward the phosphate ion and the 
antileukemic effect of these compounds on 
mouse leukemia P 1534 as determined by 
Johnson and Wright.* Burchenal and co- 
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workers! studied the effectiveness of epoxy- 
propidine against a spectrum of mouse leu- 
kemias and, in general, found it as effective 
as diepoxypropy|piperazine in approxi- 
mately one-tenth the dose. 


Materials and methods 


Epoxypropidine was supplied as a white 
crystalline powder in 50 mg. vials. This was 
readily dissolved in normal saline in a con- 
centration of 10 mg. per milliliter and in- 
jected rapidly into the tubing of a fast- 
running infusion of 5 per cent glucose in 
distilled water. 

A dose of 5 mg. per kilogram of body 
weight was observed to induce leukopenia 
and thrombocytopenia of the degree and 
duration ordinarily seen with 0.4 mg. per 
kilogram of nitrogen mustard. Smaller doses, 
2 to 3 mg. per kilogram, were used in pa- 
tients whose marrow function was compro- 
mised for any reason. When used in divided 
doses, 1 mg. per kilogram daily, epoxypro- 
pidine was not given for more than 3 suc- 
cessive days, since it was noted in several 
patients that this dose schedule caused a 
hematologic response comparable to that 
seen with 5 mg. per kilogram given as a 
single dose. 

A total of 30 patients received this drug. 
Twenty-one received adequate dosage and 
were observed long enough for evaluation; 
the results in these patients will be pre- 
sented. By adequate dosage is meant a dose 
sufficient to cause a fall in leukocytes to 
less than 4,000 cells per cubic millimeter. 
Of the patients treated, all had neoplastic 
diseases not amenable to surgery, e.g., 
Hodgkin’s disease, lymphosarcoma, reticu- 
lum cell sarcoma, mycosis fungoides, 
chronic myelogenous leukemia, dissemi- 
nated carcinomatosis. 

A response was recorded after treatment 
with epoxypropidine when a measurable 
area of disease decreased by one-third or 
more provided no other area of disease was 
increasing at this time. Temperature re- 
sponse, x-ray, hematologic and biochemical 
studies were also used in appropriate situ- 
ations as objective evidence of response. The 
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response of the disease was correlated with 
the response of the patient by an estimation 
of his performance status.* 


Results 


Table I presents the number of patients 
in each disease category and the results of 
therapy. 

Hodgkin's disease. Nine patients with 
Hodgkin’s disease were treated with epoxy- 
propidine. In 6 there was objective evidence 
of response; 7 patients had diminution of 
symptoms with improvement of their per- 
formance status. 

The types of response were as follows: 
A lowering of temperature was seen in 4 of 
the 5 patients with fever. The duration of 
improvement was 4, 7, and 8 weeks. One 
patient (U. S.) continues improved after 
12 weeks. Other objective evidence of re- 
sponses in this group of patients included 
decrease in lymphadenopathy, hepato- 
megaly, splenomegaly, and elevation of 
hemoglobin. No significant effect on pleural 
effusion was noted in 2 patients or on pul- 
monary infiltration in a third. Skin infiltra- 
tions in one patient with Hodgkin’s disease 
failed to show any response to therapy. 

Subjective responses included ameliora- 
tion of chills, fever, night sweats, pruritus, 
bone pain, abdominal pain, and weakness. 
A diminution of such symptoms was usually 
accompanied by improvement in the per- 
formance status. Such improvement was 
seen in 7 of the 9 patients treated; the dura- 


tion of improvement varied from 1 to 5 
months. 

Two patients with pruritus were treated 
to leukopenic levels. Patient C. C. had had 
a relapse after treatment with chlorambucil; 
many infected scratch papules were evident. 
Pruritus ceased within a week of treatment 
and the infected skin lesions healed. The 
itching returned after a symptom-free pe- 
riod of approximately 20 weeks. Patient F. 
G. had a 2 month symptom-free period fol- 
lowing 0.4 mg. per kilogram of nitrogen 
mustard. When pruritus returned he re- 
ceived radiation therapy directed through 
4 abdominal ports with no relief. Treatment 
to leukopenic levels with epoxypropidine 
also failed to cause any improvement. After 
hematologic recovery the patient was re- 
treated with 0.4 mg. per kilogram of nitro- 
gen mustard without any improvement. 

Chills and night sweats were abated in 
5 patients presenting these symptoms. The 
duration of improvement was 4 to 8 weeks 
in 3 patients and continues after 6 to 12 
weeks in 2 patients. The last 2 cases will be 
presented in detail. 

U. S., a 30-year-old white woman with 
Hodgkin’s disease of 4 years’ duration (Fig. 
2), had previously been treated with radia- 
tion to the mediastinal and peripheral 
nodes, and diepoxypropylpiperazine. She 
was treated for night sweats, fever, and 
pruritus with diepoxypropylpiperazine 1 
month after completion of a pregnancy. 
There was subjective and objective im- 


Table I. Results of treatment with epoxypropidine 


Disease 


Hodgkin’s disease 
Lymphosarcoma 

Reticulum cell sarcoma 
Mycosis fungoides 

Chronic myelogenous leukemia 
Lung carcinoma 

Ovarian carcinoma 

Breast carcinc™a 


. Total 


No. of patients 
treated 


Objective 
response 


Clinical 
improvement 
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Fig. 2. Response of 29-year-old white woman with 
Hodgkin’s disease to treatment with epoxypropi- 
dine. 


provement for 13 months. F ollowing a sec- 


ond pregnancy, the patient developed night 
sweats, chills, fever of 103° to 108° F., 
anemia, progressive hepatosplenomegaly, 
and lymphadenopathy. She was treated 
with 5 mg. per kilogram of epoxypropidine. 
There was marked symptomatic improve- 
ment with cessation of night sweats and in- 
creased ability to perform her daily tasks. 
There was a decrease in the size of the 
spleen from 20 to 11 cm. in the longitudinal 
diameter and decrease in lymphadenopathy. 
The need for transfusions decreased and the 
hemoglobin rose from the 4 to 6 Gm. level 


before therapy to the 9 to 10 Gm. range. © 


The fever disappeared gradually and there 
were occasional febrile episodes for about 
1 month. She was able to control the febrile 
recurrences with aminopyrine. However, as 
her improvement became established, she 
required less and less of the antipyretic 
agent and 1 month after treatment she re- 
quired none. Studies of the red cell survival 
with radioactive chromium tagged red cells 
(performed by Dr. John Richmond ) showed 
decreased survival time and splenic trap- 
ping. This was not improved after treatment 
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although the patient’s hemoglobin level 
rose. Eight weeks after receiving epoxypro- 
pidine, she was treated with radiation ther- 
apy through an upper abdominal port in an 
attempt to improve red cell survival and de- 
crease splenic trapping. Red cell survival 
and distribution studies were repeated and 
these are still underway. It is now 12 weeks 
after epoxypropidine therapy and improve- 
ment of the previously, described symptoms 
continues. In the last month the patient has 
developed signs of a polyneuritis from 
which she is recovering spontaneously. 

C. B., a 32-year-old white woman with 
Hodgkin’s disease of 6 years’ duration, had 
previously been given radiation therapy 
through cervical, mediastinal, and abdomi- 
nal ports, TEM, ACTH, and prednisone. 
At the time of treatment with epoxypropi- 
dine, the patient had been receiving predni- 
sone, 20 mg. daily, for 1 month with no ef- 
fect on her symptoms of fever, night sweats, 
anorexia, and weakness. On physical exami- 
nation, the liver was 4 cm. below the costal 
margin and there was marked tenderness 
in the left lower quadrant (with negative 
barium enema and proctoscopy, and nega- 
tive pelvic examination). The prednisone 
was continued in a dose of 15 mg. daily. 
She was given epoxypropidine, 1 mg. per 
kilogram daily for 3 days. Her symptoms 
abated rapidly, abdominal tenderness de- 
creased, and only the liver edge was pal- 
pable. No hematologic depression occurred. 
One month later the patient developed bone 
pain in the lumbar spine. The x-ray exami- 
nation was negative. She was given a sec- 
ond course of epoxypropidine, 3 mg. per 
kilogram in one dose. There was mild nau- 
sea for 24 hours and one episode of emesis. 
A chemical thrombophlebitis developed at 
the site of the drug injection. Within a week 
of treatment, symptoms decreased and the 
liver was no longer palpable. Three weeks 
later the patient noticed the onset of low- 
grade afternoon fevers and mild sweating. 
These persisted for 3 weeks and it was de- 
cided to give her a third course of epoxy- 
propidine. A course of 3 mg. per kilogram 
was given with the same side effects as the 
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second course. The symptoms gradually de- 
creased and for the past 6 weeks she has 
been free of fever or sweating. With the 
second and third courses of epoxypropi- 
dine, there has been no significant depres- 
sion of hemoglobin, white blood cells, or 
platelets. 

Lymphosarcoma. Four patients with 
lymphosarcoma received 5 courses of epoxy- 
propidine. Three of the 4 showed objective 
evidence of improvement. One of these 3 
patients also had significant clinical im- 
provement, and a second patient was treated 
for progressive disease although he was 
symptom free. These 4 cases may be sum- 
marized as follows. 

M. S. was a 60-year-old white woman with 
lymphosarcoma of 6 years’ duration, the 
clinical extent of whose disease was hepato- 
splenomegaly, bone lesions, and enlarged 
mediastinal nodes. A continual hacking 
cough was the patient’s chief complaint. 
Previous treatment included radiation ther- 
apy, nitrogen mustard, and chlorambucil. 
Recently prednisone, 15 mg. daily, had been 
given without significant improvement. The 
patient was treated with epoxypropidine, 1 
mg. per kilogram daily for 3 days, with no 
unusual side effects. All palpable disease 
decreased and there was decrease of the 
mediastinal mass as well, with concomitant 
relief of the nonproductive cough. The 
cough returned after 14 weeks of improve- 
ment. 

M. T. was a 68-year-old white woman 
with lymphosarcoma of 6 months’ duration. 
Clinically the disease affected the liver, 
spleen, lymph nodes, and bone, and there 
was pleural effusion. Previous therapy in- 
cluded nitrogen mustard, and radiation 
with transient effect. The patient was 
treated with 3 mg. per kilogram of epoxy- 
propidine with no untoward side effects. 
There was decrease in lymphadenopathy 
and hepatosplenomegaly but the patient's 
condition continued to deteriorate. Her 
course was complicated by a recent myo- 
cardial infarction, diabetes mellitus, and a 
draining abscess at the site of hip-pinning 
for a pathologic fracture. 
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B. Gi. was a 56-year-old white man with 
lymphosarcoma of 5 years’ duration, whose 
disease clinically involved the liver and 
lymph nodes. The patient had previously 
had node, spleen, and liver response of 1 
year’s duration after a course of diepoxypro- 
pylpiperazine. At the time of treatment, the 
disease was progressing rapidly although 
the patient had no symptoms and there was 
no impairment of his performance status. 
He was treated with epoxypropidine, 5 mg. 
per kilogram. There was transient nausea 
for 24 hours, no emesis. No leukopenia or 
thrombocytopenia was induced. A decrease 
in lymphadenopathy took place. The liver 
which had been 3 cm. beiow the costal mar- 
gin became impalpable. Improvement con- 
tinues 10 weeks after therapy. 

F. P., a 75-year-old white woman, had 
had lymphosarcoma for 4 months, clinically 
involving the peripheral and mediastinal 
lymph nodes with enlargement of the liver. 
There had been no previous treatment. 
Epoxypropidine was given in a dose of 1 
mg. per kilogram daily for 3 days. There 
was no Clinical effect and no leukopenia. 
Fifteen days later she was given epoxypro- 
pidine, 3 mg. per kilogram in one dose. 
Leukopenia occurred but only a slight soft- 
ening of nodes was noted at the time of 
death (from a cerebral vascular accident) 
13 days after the second course of treat- 
ment. 

Reticulum cell sarcoma. Three patients 
with reticulum cell sarcoma were treated 
with epoxypropidine. All had striking sub- 
jective and objective improvement, but as 
is characteristic of this disease the duration 
of improvement was short lived. 

M. R. was a 70-year-old white woman 
with reticulum cell sarcoma of 4 months’ 
duration, clinically involving the liver and 
spleen with a painful disabling mass in the 
buttock. Therapy with epoxypropidine was 
begun 11 days after the patient completed 
a 6 weeks’ course of radiation therapy, 3,000 
r (in air) through 2 ports encompassing the 
mass. At the time of institution of epoxy- 
propidine no improvement had been noted. 
Following treatment with this agent, 1 mg. 
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per kilogram daily for 2 days, objective and 
subjective improvement lasted for 7 weeks. 
The probability of a summative effect of 
radiation therapy and epoxypropidine on 
the mass in the buttock was most likely 
here. 

J. K., a 61-year-old white man had retic- 
ulum cell sarcoma of 1 month’s duration, ex- 
tending clinically to the liver, spleen, peri- 
pheral nodes, and bone. There had been no 
previous therapy. He was treated with 
epoxypropidine, 1 mg. per kilogram daily 
for 2 days; 26 days later, 1 mg. per kilogram 
daily for 3 days. There were no untoward 
side effects; moderate leukopenia was _ in- 
duced (3,500 cells per cubic millimeter). 
The liver and spleen which were 10 and 8 
cm., respectively, below the costal margin 
before treatment, decreased to 4 and 3 cm. 
below. There was also a decrease in lymph- 
adenopathy. Weakness, itching, sweating, 
and fever which had distressed the patient 
were relieved. Seven weeks later there was 
relapse in the nodes, and 1 month after this 
the patient died of pneumonia in another 
hospital. 

B. Go. was a 64-year-old white woman 
with reticulum cell sarcoma of 6 months’ 
duration (Fig. 3). Clinically the disease 
manifested itself by enlarged peripheral 
nodes, subcutaneous masses, nodular pul- 
monary infiltrates, a diffuse intra-abdominal 
mass, and anemia. In addition, the patient 
had symptoms of a low-grade intestinal ob- 
struction. Previously she had been treated 
by radiation to the local tumor masses. 
Epoxypropidine was given in a dose of 1 
mg. per kilogram daily for 3 days without 
untoward side effects. The abdominal symp- 
toms subsided. The need for transfusions 
diminished. The hemoglobin which had 
been in the 5 to 6 Gm. range rose to 9 to 10 
Gm. levels. A 7 by 4 cm. right infrascapular 
mass became impalpable as did the liver 
and spleen which had been enlarged to 4 
and 5 cm., respectively, below the costal 
margin prior to treatment. A response of the 
other parameters of disease was also re- 
corded although less complete. Six weeks 
after treatment, the signs of intestinal ob- 
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struction recurred with rapid progression 
of pulmonary infiltration; 0.4 mg. per kilo- 
gram of nitrogen mustard failed to influence 
the course of the disease and the patient 
died 1 month later. 

Miscellaneous. The results obtained in 
this group of miscellaneous malignant 
tumors may be summarized as follows. 

R. T., a 40-year-old white woman with 
advanced mycosis fungoides, had a tran- 
sient decrease of eczematoid lesions but no 
improvement of infiltrative, tumor, or ulcer- 
ative lesions which were the source of her 
distress. 

A. S., a 41-year-old white woman with 
chronic myelogenous leukemia, received 6 
injections of epoxypropidine, 0.5 mg. per 
kilogram, over a 4 week period. There was 
a decrease in the size of the spleen from 10 
to 5 cm. and of the liver from 4 to 2 cm. 
below the costal margin. The need for trans- 
fusions ceased. The white count diminished 
from 339,000 to 15,806 cells per cubic milli- 
meter. Another intravenous injection of 1 
mg. per kilogram did not keep the white 
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Fig. 3. Response of 64-year-old white woman with 
reticulum cell sarcoma to treatment with epoxy- 
propidine. 
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Daily No. of days 

dose given Courses 
1 mg./Kg. 1,20¢ 3 13 
2-3 mg./Kg. 1 10 
5 mg./Kg. 1 5 








blood cell count from increasing rapidly 
and the patient was treated with busulfan. 
Three patients with disseminated carcin- 
oma (lung, ovary, and breast) received 5 
mg. per kilogram of epoxypropidine. Two 
of these patients with lung and ovarian 
carcinoma had a decrease in measurable 
local disease; however, the patient with 
ovarian carcinoma had advancing disease 
elsewhere. None of these 3 patients was 
clinically improved from this therapy. 


Discussion 


The results of therapy with epoxypropi- 
dine in these 21 patients are consonant with 
our experience with another epoxide alky- 
lating agent, diepoxypropylpiperazine, and 
with nitrogen mustard. Although this com- 
pound is more active by weight than di- 
epoxypropylpiperazine, in a dose that pro- 
duces comparable leukopenia and thrombo- 
cytopenia there was no evident therapeutic 
advantage in this group of patients. Of in- 
terest are the 2 patients treated with epoxy- 
propidine who had responded to diepoxy- 
propylpiperazine approximately 1 year pre- 
viously. Both had a satisfactory response to 
epoxypropidine (patients U.S. and B. Gi.). 

The side effects of treatment with epoxy- 
propidine are outlined in Table II. As with 
diepoxypropylpiperazine, nausea and vom- 
iting appeared to be related to dosage. 
When the quantity of drug injected at one 
time did not exceed 1 mg. per kilogram, 
there were no nausea and vomiting and no 
thrombophlebitis. When the single injec- 
tion was increased to 2 to 3 mg. per kilo- 
gram, 4 of 10 patients experienced nausea 
and vomiting and 5, thrombophlebitis. In- 
creasing the dose to 5 mg. per kilogram did 
not increase the incidence of these side ef- 


Table II. Side effects of treatment with epoxypropidine 
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Nausea and Thrombo- Silda 
emesis phlebitis eukopenia 
0 0 7 
4 5 9 
2 0 4 


fects. The nausea and vomiting noted in all 
cases was mild, usually subsided in 24 
hours, and seldom required treatment with 
sedatives or antiemetics. During the injec- 
tion of epoxypropidine, most patients ex- 
perienced a warm or flushing sensation and 
a taste of ““gasoline or ether or alcohol.” 
These reactions were in no case distressing. 
There were no instances of visual aberra- 
tions as occurred with diepoxypropylpipera- 
zine. One patient had a grand mal seizure 
after injection of 3 mg. per kilogram of 
epoxypropidine but this patient had had 
such seizures after parenteral injections of 
a number of substances including sterile 
water. 

Leukopenia, usually but not always ac- 
companied by thrombocytopenia, occurred 
in 20 of the 28 courses of administration of 
the drug. The smallest dose that depressed 
the leukocyte level below 4,000 cells per 
cubic millimeter was 1 mg. per kilogram 
daily for 2 days. One patient out of 5 who 
received 5 mg. per kilogram as a single dose 
had no hematologic depression. Typical 
hematologic responses are illustrated in 
Figs. 1 and 2. 

It is a common practice to hospitalize pa- 
tients for treatment with nitrogen mustard 
since one cannot predict beforehand which 
patients will become severely ill with nau- 
sea and vomiting despite sedation and anti- 
emetic therapy. Since epoxypropidine, in 
our experience, caused no more than mild 
nausea with occasional and transient emesis, 
it was our practice not to administer any 
sedatives. Thus, when epoxypropidine was 
given, hospitalization could be avoided. 
However, it does not appear that this com- 
pound has any therapeutic advantage over 
nitrogen mustard or other alkylating agents 
available for intravenous administration. 
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Certain implications of this work are of 
more than academic interest. Epoxypropi- 
dine fulfilled the requirements for biologic 
activity, stability of configuration, and solu- 
bility. Although it has the same number of 
reactive groups as diepoxypropylpiperazine, 
as Gerzon predicted, the increased basicity 
of epoxypropidine rendered it approxi- 
mately ten times as active on a weight-for- 
weight basis. Despite the fact that these 
theoretical considerations were admirably 
fulfilled by epoxypropidine, its therapeutic 
index and apparently its range of activity 
were not greater than those of the pipera- 
zine epoxide. The effect on malignant cells 
of all clinically useful alkylating agents is 
limited by the concomitant effect on the 
bone marrow; all alkylating agents share 
virtually the same spectrum of activity with 
dose, rate of administration, and unique 
side effects notwithstanding. One may, 
therefore, question to what degree tumor 
specificity of a drug may be.obtained when 


the pharmacologic basis of its therapeutic 
effect rests on no consistent qualitative dif- 
ference between the tumor cells and certain 
vital normal tissues also characterized by 
rapid new cell formation (bone marrow, in- 
testinal epithelium ). 


We wish to thank Eli Lilly & Company, Indi- 
anapolis, Indiana, which supplied the epoxypro- 
pidine used in this study. 
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Pharmacologic effects of 


(2-(2,6-dimethylphenoxy) propyl) trimethyl ammonium 


chloride hydrate in hypertensive patients 


The effect of SKF 6890 given intravenously was studied in 10 normotensive subjects 


and 10 hypertensive patients. It was found that both groups of patients were responsive 
and an effective dose was 2.5 mg. per kilogram. The drug blocks levarterenol effects 


(adrenergic blockade). Bioassay studies revealed that the average effective oral dose was 


around 800 mg. 


The compound depresses glomerular filtration re 


d renal blood flow when the 


blood pressure decreases and this is followed by u slight increase of these parameters at 


the end of the second and third hours. The urinary volume and the sodium and 


potassium excretion are reduced as the glomerular filtration rate decreases. In long-term 


experiments, it appears that patients develop tolerance to SKF 6890. After 6 weeks, less 


than one-fourth of the patients continue to be responsive. The pharmacological 


observations indicate, however, that this is a new and effective antihypertensive agent 


which should be used as the basis for synthesizing new compounds of this type. 


Joseph B. Rosenfeld, M.D., Jane Straughn, M.D., 


and John H. Moyer, M.D. Philadelphia, Pa. 


It is generally accepted that sympathetic 
nervous system activity contributes to the 
blood pressure elevation in patients with 
essential hypertension. In the past decade 
different techniques, i.e., sympathectomy, 
centrally acting sympathetic depressant 
drugs, ganglion blocking agents and adren- 
ergic blocking drugs, have been used in an 
attempt to interrupt the sympathetic nerv- 
ous system pathways which contribute to 
the increase in blood pressure. The results, 
limitations, and side effects of these ther- 
apies have resulted in a continuous search 
for more potent and safer compounds. In 





Hypertension-Renal Unit, Department of Medicine, Hahnemann Medical College and Hospital 


that it has been reported to block the form- 
ation or release of catechol amines at the 
ends of the postganglionic fibers,! a new 
synthetic quaternary nitrogen compound, 
(2-(2, 6-dimethylphenoxy) propyl) trim- 
ethyl ammonium chloride hydrate (SKF 
6890* ) may have a different mechanism of 
action from that of the usual adrenergic 
blocking agents which block the effects of 
catechol amines on the receptor sites. 
Therefore, a clinical study seemed indi- 


®SKF 6890 was supplied by Smith Kline & French 
Laboratories, Philadelphia, Pa. 
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cated. The objectives were to evaluate the 
hypotensive effects of SKF 6890 as follows: 
1. The effect of the drug given intra- 
venously to hypertensive and normo- 
tensive patients. 
. The adrenergic blocking properties of 
the compound. 
. The optimal oral dose and time re- 
sponse curve of the drug. 
. The effects on renal hemodynamics. 
. The response to long-term adminis- 
tration to ambulatory patients with 
hypertension. 


Materials and methods 


Blood pressure response to SKF 6890 
given intravenously. Ten normotensive pa- 
tients not suffering from cardiovascular dis- 
ease and 10 hypertensive patients (blood 
pressure greater than 150/100 mm.Hg) were 
selected at random from the Hypertension 
Clinic. In the first 3 experiments (normo- 
tensive subjects ), the SKF 6890 was diluted 
in 250 ml. of glucose and given in a dosage 
of 2.5 mg. per Kg. In the next 13 experi- 
ments (7 normotensive subjects and 6 hy- 
pertensive patients) the dose used was 3 
mg. per Kg. and in the last 4 experiments 
(hypertensive patients ), the dose was 4 mg. 
per Kg. The infusion was given over a pe- 
riod of 15 to 25 minutes and blood pressure 
readings were taken every 5 minutes during 
the first half hour, every 15 minutes during 
the next 2 hours, and every half hour during 
the last 2 hours of observation. After the in- 
fusion was discontinued, blood pressure 
readings were taken in both the lying and 
standing positions. The patients were moni- 
tored with electrocardiograms. 

Observations on the adrenergic blocking 
effect of SKF 6890. In 3 hypertensive pa- 
tients 2.5 mg. per Kg. of SKF 6890 was di- 
luted in 10 ml. of 5 per cent glucose and 
was given intravenously. The effect on 
blood pressure was then observed. When 
the blood pressure returned to the control 
value, an infusion of levarterenol was 
started (1 mg. in 200 ml. of 5 per cent 
glucose at a rate of 45 to 50 drops per min- 
ute). When the systolic blood pressure in- 
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creased more than 30 mm.Hg. and the di- 
astolic more than 10 to 15 mm.Hg., SKF 
6890 was again given intravenously and the 
blood pressure taken every minute for the 
first 30 minutes. After the levarterenol was 
discontinued and the blood pressure re- 
turned to the control values, the same dose 
of the SKF 6890 was repeated. 

Observations of the response to the drug 
given orally. The smallest effective oral 
dose was determined by giving the amount 
of the drug which produced a response 
when given intravenously. Increasingly 
larger doses were then given every second 
day until a reduction in blood pressure was 
observed. The blood pressure was taken 
with the patient lying and standing for 12 
consecutive hours. When the patients com- 
plained of significant side effects, the sub- 
sequent dose was not increased. 

Observations on renal hemodynamics. 
Two and one-half milligrams per kilogram 
of SKF 6890 was diluted in 10 ml. of 5 per 
cent glucose and was adininistered slowly 
(3 to 5 minutes) to 7 hypertensive patients 
as a single intravenous injection for ob- 
servations on renal hemodynamics. Conse- 
cutive 10 minute collection periods were 
maintained during a 30 minute control pe- 
riod and for the next 3 hours after the ad- 
ministration of the drug, during which time 
the effects of blood pressure reduction on 
water and electrolyte excretion were stud- 
ied. Glomerular filtration rate was deter- 
mined by inulin clearance and renal plasma 
flow by para-aminohippurate clearance. 
Sodium and potassium excretion rates were 
determined with the use of a Beckman 
flame photometer for the analyses. Details 
of the techniques and analytical procedures 
have been previously reported by Moyer 
and Mills.?: 

Observations following chronic oral ad- 
ministration for 6 weeks or more. Fifteen 
patients suffering from essential hyperten- 
sion and 2 normotensive subjects were ran- 
domly selected. They were given SKF 6890 
orally for 6 weeks and the dose was in- 
creased progressively (titrated). The pa- 
tients had been carefully examined before 
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Table I. Effects of SKF 6890 on mean blood pressure in normotensive and 


hypertensive patients 


Normotensive subjects 


Supine mean blood 


Time pressure* pressure* 


Upright mean blood 


Hypertensive patients 


Supine mean blood 
pressure* 


Upright mean blood 
pressure* 


(min- |\-——  S _ 


utes ) P value % 
less 


than 


Average 
10 
patients 


o 0 of 
con- 
trol 


10 
patients 


con- 
trol 


Average | % of | P value} Average 


less 
than 


Average 
10 
patients 


% of \P value 
con- less 
trol | than 


P value 
less 
than 


% of 
con- 
trol 


10 
patients 


LY 


101 
103 
102 
96 
96 
95 
93 
100 
112 


Control 
0-15 
15-30 
60 
90 
120 
150 
180 
240 


102 
101 


142 
128 
127 
123 
121 
128 
130 
123 
122 


137 
107 
111 

97 
101 
108 
101 
106 


02 
.001 
.001 
02 
.20 
20 
.05 
.05 


*Mean blood pressure = diastolic plus 1/3 the pulse pressure. 


TNS, P more than .20. 


treatment was started and they were given a 
placebo for at least 3 weeks. They returned 
to the Clinic at least once a week and the 
blood pressure and other signs and symp- 
toms were duly recorded. SKF 6890 was 
given in a dose range of 500 to 600 mg. 
daily as a single dose. 


Results 


Blood pressure response to SKF 6890 
given intravenously. The results with SKF 
6890 in normotensive subjects are summar- 
ized in Table I. Following the intravenous 
administration of 2.5 to 3.0 mg. per Kg. of 
the drug, a reduction in the mean blood 
pressure was observed in all the cases. The 
maximal response was observed 90 minutes 
after administration at which time there 
was a mean reduction of 5 mm. Hg in the 
supine position and 22 mm. Hg in the up- 
right position (101 to 79 mm. Hg). At the 
end of 4 hours, a slight rebound phenome- 
non of the mean blood pressure was noted 
in the supine position but not in the up- 
right position. There was not a substantial 
difference in response when the larger (3.0 
mg. per Kg. dose) rather than the smaller 
(2.5 mg. per Kg.) dose was used. A slight 


increase ‘in blood pressure was noted in 


most of the cases in the first half hour after 
administration followed by a substantial 
reduction which was most marked on 
standing. The initial rise in blood pressure 
was frequently accompanied by an increase 
in the pulse rate of 70 to 100 beats per min- 
ute (increasing from 70-80 to 120-150) 
which lasted 8 to 10 minutes. At that time 
2 of the patients complained of retrosternal 
pressure and shortness of breath. By the 
time the blood pressure began to drop, most 
of the patients became relaxed and sleepy. 
One patient complained of dizziness 2 
hours after administration of the drug but 
the mean blood pressure in the supine po- 
sition was only 4 mm. Hg below the con- 
trol value of 110. In the upright position, it 
had decreased from 110 mm. Hg to 97. The 
dizziness probably did not result from the 
reduction in blood pressure but more likely 
was a direct effect of the drug. 

The effect of SKF 6890 when given intra- 
venously to hypertensive patients is sum- 
marized in Table I. A dose of 4.0 mg. per 
Kg. was given to 4 patients but because of 
side effects, i.e., vomiting, severe nausea, 
and shortness of breath, the dose was sub- 
sequently reduced to 3.0 mg. per Kg. The 
maximal effect was observed 90 minutes 
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DOSE 39 mg/kg. 
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Fig. 1. The effect of SKF 6890 on the blood pres- 
sure in a hypertensive patient. The drug was given 
by the intravenous route in a dose of 3 mg. per 
Kg. There was a somewhat greater effect in the 
upright position but the difference in response be- 
tween the upright and supine positions was mini- 
mal in this patient. The response lasted more than 
4 hours. 


after the administration of the drug; 4.0 
mg. per Kg. did not elicit a greater response 
than 3.0 mg. per Kg. The mean value for 
the mean blood pressure of the 10 patients 
at the time of maximal response (90 min- 
utes) was about 20 mm. Hg lower than 
the control mean blood pressure in the su- 
pine position (142 reduced to 121 mm. Hg) 
and 40 mm. Hg on standing. At the end of 
the 4 hour period of observation, the mean 
blood pressure was still lower than that in 
the control period by 20 mm. Hg in the 
supine position and 31 mm. Hg when stand- 
ing. The patient in Fig. 1 is presented as 
an example of the group of 6 patients in 
whom, both supine and standing, there was 
a sustained reduction in the blood pressure 
for more than 4 hours following an infusion 
of SKF 6890 in a dose of 3.0 mg. per Kg. 
In 2 patients (Fig. 2) there was a drop in 
the blood pressure while erect, but only a 
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DOSE 40 mg/kg. 
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Fig. 2. The effect of SKF 6890 on the blood pres- 
sure in a hypertensive patient. There was minimal 
reduction in both the systolic and diastolic blood 
pressure when the patient was in the supine posi- 
tion followed by a significant rise in blood pressure 
above the control level approximately 2 hours after 
drug administration. When the patient stood up, 
however, there was a marked orthostatic response 
during the hyptertensive rebound period. 


slight drop when supine, followed by sub- 
stantial and sustained increase in the sys- 
tolic blood pressure. 

In one patient with malignant hyperten- 
sion who was treated by an infusion of SKF 
6890 (4.0 mg. per Kg.) every 6 hours for 3 
consecutive days, the response was greatly 
reduced when the infusion was given at less 
than 8 hour intervals. The impression that 
divided doses are of no greater benefit than 
single doses every 24 hours was also estab- 
lished. 

Observations on the adrenergic blocking 
effect of the SKF 6890. In 3 patients (Fig. 
3 is an example), following an intravenous 
infusion of 2.5 mg. per Kg. of SKF 6890, a 
drop of 40 mm. Hg or more in the systolic 
blood pressure was noted. When the blood 
pressure returned to the control values, it 
was increased as previously described by an 
intravenous infusion of levarterenol. Then 
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the same dose of SKF 6890 was repeated 
but was divided into two equal doses in 2 
patients (for safety purposes) and into two 
doses of two-thirds and one-third in the 
third patient. A reduction of more than 50 
mm. Hg in the systolic and 25 mm. Hg in 
the diastolic pressure was noted in the first 
2 patients. In Case 23 (Fig. 3), when the 
100 mg. dose was administered, the systolic 
blood pressure reduction was 80 mm. Hg 
and the diastolic was about 50 mm. Hg. 
When only one-half of the previous amount 
was given, the systolic blood pressure re- 
duction was 60 mm. Hg and more time was 
needed to elicit this response. When the 
levarterenol was stopped, the blood pres- 
sure returned to the control values in 5 min- 
utes. The ability of SKF 6890 to block the 
hypertensive effect of norepinephrine was 
clearly demonstrated in these 3 hyperten- 
sive patients. It is quite obvious that in man 
this agent has adrenergic blocking proper- 
ties by contrast to previous reports of its ef- 
fect in animals." 

Observations of the response to the drug 
given orally. The effective oral dose was de- 
termined by titration in 3 hypertensive pa- 
tients. In the first patient (Fig. 4) the first 
dose to produce an effect by the oral route 
was 400 mg. The maximal response was ob- 
served in the fifth hour with a fall of 40 
mm.Hg in the systolic blood pressure, the 
effect lasting 2 hours, and was followed by 
an overshooting phenomenon; the blood 


SKF 6890 
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| 800 mg. orally 
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SKF 6890 
50 mg, I.V. 


SKF 6890 
150 mg. IV. 


SKF 6890 
100 mg. Lv 
| 


oso 6° 1S’ ¢ fF é 3 F ° ; 
Fig. 3. The effect of SKF 6890 given intravenously 
before and during the infusion of levarterenol. 
Here again there appeared to be clear evidence of 
adrenergic blockade and the response to SKF 6890 
showed an even greater reduction in blood pres- 
sure when levarterenol was being infused as com- 
pared to the response prior to the infusion. This 
occurred with a dose of 100 mg. given during the 
infusion as compared with 150 mg. given prior to 
the infusion of levarterenol. When a dose of SKF 
6890 of 50 mg. was given, the response was some- 
what delayed and less dramatic. 


pressure rose 60 mm.Hg above the lowest 
value and by the tenth hour had returned 
to the control value. When 800 mg. was 
given, there was a fall of 20 mm.Hg in the 
first hour in the supine position and a fall 
of 40 mm. in the standing position. We noted 
the same overshooting phenomenon with the 
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Fig. 4. Blood pressure response to increasing doses of SKF 6890 given by the oral route. As 
the dose is increased, the orthostatic effect on the blood pressure becomes more pronounced. 
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Table II. Renal hemodynamic response to SKF 6890 when given in a single intravenous 
injection in 7 patients 


Mean blood pressure 
Time (mm. Hg) 
OO 


Mean | % control | P value<§| Mean | % control | P value <§| Mean 


Renal blood flow* 


(ml. per minute) Renal vascular resistance 


% control |\P value <§ 


Control 121 — 785 
0-20 104 : .05 571 
20-40 114 ; NSIl 687 
60 114 : NS 677 

120 115 NS 763 
180 118 NS 921 


renal plasma flow 
*Renal blood flow = —————— aa 
1— hematocrit 


— .16 — — 
72 : 23 140 .05 
87 ; 18 110 .10 
86 ‘ 18 115 NS 
97 .16 99 NS 

117 3 80 NS 


Table III. Effect of a single intravenous injection of SKF 6890 on water and electroylte 


excretion in 7 patients 


Urine volume 
Time (ml. per minute) 
- (minutes) 
Mean % control 

Control 

0-20 

20-40 
60 
120 
180 


*h = x | n (n — 1) using C (control) as the reference point. 


Sx 2 


patient in the supine position in the fifth 
hour and then a return to the control level 
by the tenth hour, but on standing the hy- 
potensive effect was maintained for the 12 
hours of observation. When 1,500 mg. was 
given, a fall in the systolic pressure of 35 
mm.Hg was noted in the second hour with 
the patient lying down, and was maintained 
throughout the 12 hours of observation. We 
were unable to take blood pressure read- 
ings with the patient standing because of 
the excessive reduction in blood pressure 
and the patient’s becoming dizzy on each 
trial. 

The second patient when given 200 mg. 
had a slight fall in blood pressure by the 


P value <* Mean 


Sodium excretion 
(uEq. per minute) 


% control P value <* 


253 
153 
119 
138 
157 
159 


tNS, P value >0.10. 


sixth hour, which was more pronounced on 
standing. When 300 mg. was administered, 
the maximal fall was noted by the fifth hour 
and the reduction was maintained for 4 
hours, then the same overshooting appeared. 
On a 600 mg. dosage, the hypotensive ef- 
fect (fall of 30 mm.Hg) was observed dur- 
ing the fourth hour and on 1,200 mg. a fall 
of 60 mm.Hg was noted by the third hour, 
which was maintained for an additional 3 
hours and then the same overshooting ap- 
peared. 

The third patient appeared to be resist- 
ant to the drug and a dose as high as 1,600 
mg. did not affect the blood pressure sig- 
nificantly. In all 3 patients higher doses were 
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Table II 
Continued 


Glomerular filtration rate 
(ml. per minute) 


Mean 


58 
35 
45 
55 
59 
59 


461 
342 
407 
402 
460 
499 


.001 
.001 
.10 
NS 
NS 


glomerular filtration rate 





tFiltration fraction = 
renal plasma flow 


% control | P value <§ Mean | % control | P value <§ Mean 


74 
88 
87 
99 
108 


§t = x 


V 


45. 


Renal plasma flow 
(ml. per minute) 


Filtration fractiont 


% control | P value <§ 


86 
84 
108 
98 
98 


.02 
NS 
NS 
NS 
NS 


13 
42 
Be 
«ES 
«43 
.13 


.001 
.001 
.10 
NS 
SN 


| n (n — 1) 


using C (control) as the reference point. 


8S; 2 


||NS, P value >0.10. 


Table III 
Continued 


Potassium excretion 
(uEq. per minute) 


o7 


O7 
/€ 


Mean control | P value<* Mean % 


143 
141 
143 
145 
146 
144 


not given because of tachycardia, nausea, 
dizziness, and severe headache. 

Observations on renal hemodynamics. The 
effects on renal hemodynamics, and on 
water and electrolyte excretion of a single 
injection of SKF 6890 (2.5 mg. per Kg.) are 
summarized in Tables II and III. 

Within 15 to 20 minutes following the in- 
jection, a fall of 17 mm.Hg (P < .05) in the 
mean blood pressure (85 per cent of the 
control) was noted. This hypotensive ef- 
fect was followed by a slight and gradual 
increase in the blood pressure. 

As the blood pressure decreased, there 
was a significant reduction in glomerular 
filtration rate within the first 40 minutes to 
60 per cent and 76 per cent of the control 
value, respectively. At the end of the first 


Plasma sodium 
(mEq. per liter) 


control t P value <* 


99 
100 
101 
102 
101 


Plasma potassium 
(mEq. per liter) 
P value <* 


Mean % control 


NS 
NS 
NS 
NS 
NS 


NS 
NS 
NS 
NS 
NS 


97 
100 
103 
105 
102 


hour, the glomerular filtration rate returned 
to the initial value. Associated with the re- 
duction in glomerular filtration rate, there 
was a similar reduction in the renal blood 
flow which was greatest during the first 20 
minutes to 72 per cent of the control rate, 
remaining depressed during the first hour, 
and returning to the initial value in the sec- 
ond hour. In the third hour there was a 17 
per cent increase in renal blood flow above 
the control observations. 

The reduction of glomerular filtration rate 
was associated with an increase in the renal 
vascular resistance to 140 per cent of the 
control in the first 20 minutes and 115 per 
cent at the end of the first hour, associated 
with a slight reduction in the filtration frac- 
tion. 
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These changes in the renal hemodynam- 
ics were associated with a striking decrease 
in urinary volume reaching a maximum at 
the end of the first hour (25 per cent of the 
control). There was also a reduction in the 
sodium and potassium excretion which was 
maximal in the first 40 minutes, 47 per cent 
and 75 per cent of the control, respectively. 
These patients did not show significant 
changes in the plasma electrolyte concen- 
trations. 

Observations following oral administra- 
tion for 6 weeks or more. Fifteen hyperten- 
sive patients and 2 normotensive patients 
received SKF 6890 for at least 6 weeks. The 
drug did not affect the blood pressure of the 
normotensive subjects. Three hypertensive 
subjects (20 per cent) had a significant* 
response and 2 of them became normoten- 
sive. When the blood pressure was taken 
with the patient in the upright position, 4 
(26 per cent) experienced a significant re- 
sponse and 2 of them became normotensive. 
When the individual blood pressure re- 
sponses were evaluated, there was some 
evidence of tolerance having occurred. 


SKF 6890 proved to have a hypotensive 
effect in the normotensive as well as in the 
hypertensive subject, especially pronounced 
in the standing position. In the normoten- 
sive group, the fall in mean blood pressure 
while standing was 22 mm. Hg and, in the 
hypertensive patients, the fall in mean blood 
pressure was 40 mm. Hg. In the supine posi- 
tion, the normotensive individuals had a 
very slight reduction in mean blood pres- 
sure (5 mm. Hg) but the hypertensive group 
had a substantial fall (31 mm. Hg), indicat- 
ing that the drug is more effective in hyper- 
tensive patients than in normotensive sub- 
jects. Doses above 4.0 mg. per Kg. proved 
to have many side effects and it was found 
that the most practical dosage was 2.5 mg. 


*A response was accepted as significant when the mean 
blood pressure was reduced by more than 20 mm. Hg or 
the blood pressure was reduced to normotensive levels. 
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per Kg. Larger doses did not produce a sig- 
nificantly greater effect. 

The reduction in blood pressure which 
was observed during an infusion of norepi- 
nephrine proved that this compound has 
pronounced adrenergic blocking qualities, 
and if it acts as claimed, by preventing the 
release or formation of catechol amines,! it 
also blocks the effect of norepinephrine 
(catechol amines ) at the receptor site of the 
nerve endings. 

The bioassay studies revealed that the 
smallest effective oral dose should be around 
600 to 800 mg., which is more than 5 times 
the minimal effective dose following the in- 
travenous route of administration. At this 
dose, the maximal effect was observed be- 
tween the third and fifth hours and the hy- 
potensive effect was more pronounced in 
the standing position. 

Twenty minutes after the intravenous ad- 
ministration of SKF 6890, there was a sub- 
stantial reduction in the glomerular filtra- 
tion rate and renal blood flow, associated 
with reduction in the urine volume, and so- 
dium and potassium excretion. One hour 
later, there was a gradual return to control 
values and, at the end of the 3 hours of ob- 
servation, the glomerular filtration rate and 
the renal blood flow were increased above 
the control level, but the urine flow and the 
sodium and potassium excretion were still 
depressed. This response is similar to that 
observed with blood pressure reduction by 
the administration of ganglionic blocking 
agents.?:3 

The long-term study revealed that after 
a short period of time (1 week to 10 days), 
when the drug was given orally, most of the 
patients developed tolerance, so that at the 
end of the 6 week period only 20 per cent 
were responsive in the supine position and 
27 per cent on standing. No serious side ef- 
fects were observed and the main com- 
plaints were nausea and dizziness. Doses of 
SKF 6890 greater than 800 mg. given daily 
produced headache, tachycardia, and vom- 
iting. 
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But no one is under the illusion that nature has so far been vanquished; few dare to 
hope that she will ever be completely under man’s subjection. There are the 
elements, which seem to mock at all human control: the earth, which quakes, is rent 
asunder, and buries man and all his works; the water, which in tumult floods 

and submerges all things; the storm, which drives all before it; there are the diseases, 
which we have only lately recognized as the attacks of other living creatures; 

and finally there is the painful riddle of death, for which no remedy at all 

has yet been found, nor probably ever will be. With these forces nature 

rises up before us, sublime, pitiless, inexorable; thus she again brings to mind our 
weakness and helplessness, of which we thought the work of civilization had rid us. It is 
one of the few noble and gratifying spectacles that men can offer, when in the 
face of an elemental catastrophe they awake from their muddle and confusion, forget 
all their internal difficulties and animosities, and remember the great common 

task, the preservation of mankind against the supremacy of nature. 


FROM “FUTURE CT AN ILLUSION” BY SIGMUND FREUD, PAGE 23 
BY PERMISSION OF LIVERIGHT, PUBLISHERS, NEW YORK. 





Renal effects of hydrochlorothiazide 


in normal and toxemic pregnancy 


The effect of hydrochlorothiazide was studied in 10 hospitalized patients (7 with 


pre-eclampsia and 3 with normal pregnancy) and 48 ambulatory subjects (30 with 


normal pregnancy and 18 with toxemia of pregnancy). Hydrochlorothiazide increased the 


excretion of Na*, Cl-, K*, and water without any significant change in renal plasma 


flow or glomerular filtration rate. The increase in electrolyte excretion was more marked 


in the patients with toxemia of pregnancy than in those with normal pregnancy. On 


the basis of electrolyte excretion hydrochlorothiazide is approximately 10 times as 


potent as chlorothiazide in pregnant women. As in the case of chlorothiazide, the drug 


is more effective when edema is present. 


N. S. Assali, M.D. Los Angeles, Calif. 


With the technical assistance of M. Ross and L. Friedman 
Department of Obstetrics and Gynecology, University of California Medical Center 


Chlorothiazide, given orally or parenter- 
ally, significantly increases the renal excre- 
tion of sodium, chloride, and water.!:2:3 
These properties make it suitable for the 
treatment of the edematous state. In fact, 
patients with edema of diverse etiology 
have responded to treatment with chloro- 
thiazide.*5 Antihypertensive properties 
have also been described after administra- 
tion of the drug alone or in combination 
with vasodepressor drugs.® Hydrochlorothi- 
azide, a derivative of chlorothiazide, has 
been stated to be 10 to 15 times as active 
as chlorothiazide itself.“:*.> These properties 
make the drug suitable for the treatment 
of edema. The present report deals with the 
renal effects of hydrochlorothiazide in nor- 
mal and toxemic pregnancies. 


This investigation was supported by grants from the 
United States Public Health Services. 
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Material and methods 


A. Metabolic studies were carried out in 
10 patients, of whom 7 had pre-eclampsia 
with 3 to 4 plus edema and 3 had normal 
pregnancy with 1 to 2 plus edema. Patients 
varied in age from 18 to 38 years; pregnancy 
varied in duration from 28 to 40 weeks. All 
the patients were at bed rest in the hospital 
without any specific medication throughout 
the periods of study. Each patient received 
a daily diet containing 85 mEq. of sodium 
(as sodium chloride). 

The studies comprised 3 consecutive pe- 
riods. The first period, lasting for 3 days, 
served as a control. During the second pe- 
riod, which lasted from 4 to 5 days and fol- 
lowed immediately after the first, hydro- 
chlorothiazide* tablets were administered 


*Esidrix (Ciba Pharmaceutical Products, Inc.) and 
HydroDiuril (Merck Sharp & Dohme). 
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in total daily doses varying from 100 to 150 
mg., in 2 to 3 doses. The third period serv- 
ing as a posttreatment control, lasted for 3 
days. 

During all periods, the patient’s weight, 
fluid intake and output were recorded daily. 
Blood pressure and pulse rate while the pa- 
tient was recumbent in bed were recorded 
4 times a day by the same observer. Twen- 
ty-four-hour urine specimens preserved with 
toluene were used for electrolyte determi- 
nations. 

In 3 patients with pre-eclampsia, renal 
plasma flow and glomerular filtration rate 
(inulin and para-aminohippurate clear- 
ances ) were determined, once in the control 
period and once on the second or third day 
of the treatment period. Blood and urine 
electrolytes as well as inulin and para-ami- 
nohippuric acid were determined by meth- 
ods currently used in our laboratories.* 

B. Clinical studies were carried out on 30 
subjects with normal pregnancy who had 
from 1 to 2 plus edema and 18 patients clas- 
sified as having a mild form of toxemia of 
pregnancy. All were ambulatory and were 
observed in the prenatal clinics for a period 
of over 2 months. 

Each normal pregnant patient was given 
from 100 to 150 mg. of hydrochlorothiazide 
per day in 2 to 3 doses. The drug was ad- 
ministered in periods of 5 to 6 days alter- 
nated with 2 day drug-free periods. The pa- 
tients with toxemia of pregnancy received 
the same dose of the drug for the entire 
period of observation without interruption. 
No other medication was administered to 
any of these patients during the periods of 
study.. A diet containing approximately 2 
Gm. of sodium chloride per day was allowed. 
Blood pressure, pulse rate, and weight were 
recorded once every week by the same ob- 
server, always at the same time, and under 
the same environmental conditions. 


_ Results 


Systemic effects. All patients tolerated hy- 
drochlorothiazide well. A few instances of 
mild nausea occurred, but these could not 
be attributed specifically to the drug. The 
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patients with toxemia of pregnancy who 
were treated while hospitalized had an 
average fall in blood pressure of 25 mm.Hg 
systolic and 15 mm.Hg diastolic. It was dif- 
ficult to be certain, however, whether this 
fall was due to the action of the drug or to 
bed rest. The blood pressure of the ambu- 
latory patients did not change significantly. 

Effects on blood and urine electrolytes. 
Table I presents data on blood and urine 
composition in a typical patient with nor- 
mal pregnancy and similar data from a rep- 
resentative case of toxemia of pregnancy. 
Table II lists the average values of electro- 
lyte excretion in all the patients studied. 

In the control period, normal pregnant 
subjects had a stable sodium and chloride 
excretion in relation to the intake. During 
the administration of hydrochlorothiazide, 
the output of these ions increased signifi- 
cantly (Tables I and IIL). The increment 
was higher during the first 2 days of treat- 
ment than in the last days. In the posttreat- 
ment period, the excretion of sodium and 
chloride decreased to control levels or even 
below. The excretion rate of potassium rose 
during the treatment period, but less than 
that of Na and Cl. The increased excretion 
of electrolytes was accompanied by diu- 
resis and loss of weight. Despite the 
marked increase in electrolyte excretion, 
plasma electrolytes remained practically 
unchanged. 

In the patients with toxemia of pregnancy, 
the excretion of sodium and chloride in the 
control period was also fairly stable in re- 
lation to intake (Tables I, B, and II). On 
the first day of treatment, the excretion of 
these ions nearly tripled. Although on sub- 
sequent treatment days the excretion of Na 
and Cl decreased somewhat, it was still sig- 
nificantly higher than in any control day. In 
the posttreatment period the excretion of 
Na and Cl reverted to pretreatment levels. 
The excretion rate of potassium also in- 
creased, but significantly less than that of 
sodium and chloride. The loss of electrolytes 
was accompanied by an increase in urine 
output and loss of weight which were sig- 
nificantly greater than those in the nor- 
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Table II. Data on the excretion of Na, Cl, and K in the patients with normal pregnancy 
and in those with toxemia of pregnancy. Each value represents the average for the control, 


treatment, and posttreatment periods 


Daily - 


Pa- | Diagnosis | dose 


hient (mg.) Treat- Post- 


Control| ment 


Normal 100 82 106 72 
Normal 150 87 132 71 
Normal 150 78 412 68 


Toxemia 100 81 158 62 
Toxemia 100 89 178 75 
Toxemia 100 79 168 70 
‘Toxemia 150 92 195 80 
Toxemia 150 80 160 65 
Toxemia 150 90 175 86 
Toxemia 150 78 162 71 


mally pregnant subjects. Despite the 
marked saluretic effect, plasma Nat, Cl-, 
and K+ did not change significantly. 

Effects on renal hemodynamics. Hydro- 
chlorothiazide given orally in the dose of 
100 to 150 mg. per day did not significantly 
alter renal plasma flow or glomerular filtra- 
tion rate (Table III). 

Clinical results. The 30 normally pregnant 
subjects who were followed for more than 
2 months lost weight while they were re- 
ceiving the drug. The magnitude of weight 
loss varied from one patient to another and 
depended a great deal on the amount of 
edema which was present prior to the be- 
ginning of treatment. During the first 2 
weeks of treatment, the maximum weight 
loss observed in this group was 6 pounds 
and the minimum was less than 1 pound. 
Despite the continuation of treatment, as 
patients lost their edema, the effect of the 
drug decreased. 

The patients with toxemia of pregnancy 
also lost weight throughout the treatment 
but the weight loss was significantly greater 
than that of the normally pregnant patients. 
The maximum individual weekly loss dur- 
‘ing the first 2 weeks was 12 pounds and the 
minimum was 2 pounds. Here again, the 
weight loss decreased as the patients be- 
came edema free. 


treatment| Control| ment 


Cl K 


Treat- Post- Treat- Post- 


treatment| Control| ment |treatment 


67 91 60 22 30 26 
75 125 62 28 36 24 
68 102 58 24 38 23 


70 132 52 28 32° 18 
75 162 61 32 42 30 
69 151 60 38 48 36 
80 178 72 30 40 28 
68 145 50 24 36 20 
75 132 60 22 31 16 
65 145 58 26 38 20 


Table III. Effects of hydrochlorothiazide on 
urine flow, glomerular filtration rate (GFR), 
and renal plasma flow (RPF). All figures 
were corrected for body surface area 


Pa- U.F. GFR RPF 
tient Period  |(ml./min.)|(ml./min.)\(ml./min. ) 


1 Control 
Treatment 


me 105 575 
3. 102 565 


Control ; 112 615 
Treatment : 106 620 


Control : 98 535 
Treatment , 102 545 


Hydrochlorothiazide has a diuretic ac- 
tion similar to that of chlorothiazide. An 
increase in electrolyte excretion, particu- 
larly sodium and chloride, invariably fol- 
lows its administration. 

Although no comparison of the dose re- 
sponse of the two drugs was made in this: 
study, the magnitude of electrolyte excre- 
tion after the administration of 100 to 150 
mg. of hydrochlorothiazide was approxi- 
mately equal to that observed by us in the 
same type of patients after 1,000 to 1,500 
mg. of chlorothiazide.* These findings are 
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in agreement with those obtained by others 
in animals and man.”*® Hydrochlorothia- 
zide is, therefore, approximately 10 times 
as potent as chlorothiazide in the pregnant 
woman. 

As in the case of chlorothiazide, the diu- 
retic effects of hydrochlorothiazide are 
more marked and more lasting in the toxe- 
mic, edematous patients than in the major- 
ity of normal subjects, who have less edema. 
When edema of a significant degree was 
present in a normally pregnant subject, the 
effects of the drug were more intense. In 
addition, the diuretic action was always 
more pronounced at the beginning of the 
treatment than at the end, and, as the treat- 
ment progressed and the patients lost their 
edema, the diuretic action of the drug de- 
creased. This provides a safety valve against 
severe electrolyte depletion since, when the 
patient loses excess fluid and electrolytes 
provided by edema, further administration 
of the drug tends to have little effect. 
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Safe new drugs and 


their control under law 


It has been our aim to review briefly Food and Drug Administration’s methods 


in evaluating new drugs, and it is our hope that this will provide a better understanding 


of the role and function of the Food and Drug Administration in its regulation 


of new drugs. This will, in turn, assist physicians to meet their responsibilities in this 


important field. 


William H. Kessenich, M.D. Washington, D.C. 
Medical Director, Food and Drug Administration, Department of 


Health, Education and Welfare 


When the question is asked, “Aren't 
drugs safer now than they used to be?” the 
answer is very often heard, “Well, the ads 
say they are, and, besides, they have to be 
safe or they couldn't be on the market.” 

It is incumbent upon physicians who use 
these drugs to know that safety as employed 
here is a relative term based on certain 
conditions of use. To prescribe the newly 
developed drugs intelligently they should 
be aware of the methods used in developing 
the drug for the market and the means by 
which the designation “safe” came to be 
applied to any individual pharmaceutical. 

There can be little doubt that the tre- 
mendous strides of the pharmaceutical in- 
dustry in the United States over the past 
twenty years have resulted in the greatest 
development of new drugs ever experi- 
enced in any like period of recorded medi- 
cal history. The fact that, of every 100 pre- 
scriptions written, 90 are for drugs that 
were not available even fifteen years ago is 
just one indication of the impact on medi- 
cal practice that these developments have 
wrought. Only a very superficial knowledge 


of the economic picture of our country is 
necessary to understand that the gross sales 
of individual companies in the pharmaceu- 
tical industry have skyrocketed in these re- 
cent years with a corresponding rise in the 
value of their stocks. For the investors in 
these companies this growth has been an 
exciting and rewarding story, but beyond 
economic prosperity what else does this 
growth mean to the physicians, pharma- 
cists, and to the rest of the population, 
many of whom within the next year will 
have to depend upon one of these new 
drugs for their well-being? It means even 
more new drugs will be available. Of the 
total income that accrues to the pharma- 
ceutical industry, there is a substantial por- 
tion which each year is designated for re- 
search. It is the boast of the pharmaceutical 
industry that the percentage of total sales 
returned to research and development is 
the highest in any field of business. As a 
result of their phenomenal growth, the 
amount of money that has been spent for 
research has increased year by year until 
it is estimated that, in 1960, the industry’s 
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research budget will be something over 190 
million dollars. This, coupled with Govern- 
ment-financed research in amounts of about 
300 million dollars, can only result in even 
more numerous and more potent drugs 
being developed and made available for 
use. . 

These figures give some insight into the 
impact on medical practice that the drug 
boom has caused. Looking at it in another 
light, in the past year there were between 
45 and 50 new single medicinal chemical 
entities introduced and a total of from 375 
to 400 new pharmaceutical specialty prod- 
ucts. It can reasonably be expected that 
these numbers will continue to spiral up- 
ward. This places a tremendous burden on 
the prescribing physican who hardly has 
time to learn the coined, names of the 
newly introduced drugs, much less to know 
which of them are simply duplications. And 
the responsibility to his patient is greater 
than ever, since before he writes a prescrip- 
tion calling for a new drug he should know 
enough about the drug to recognize the 
possible contraindications and side effects 
which may occur and also know what pre- 
cautions must be exercised in using these 
potent therapeutic agents. 

Results have confirmed the fact that the 
drugs developed in this era are powerful 
agents for good. The physiciar can easily 
and successfully attack and overcome, with 
the aid of these new drugs, diseases which 
until now have not yielded successfully to 
treatment. But the blessing has been mixed, 
for with the increased potency in combat- 
ing disease, there is similarily an increase in 
the undesirable effects. One hospital study 
recently was reported as showing that 5 per 
cent of 1,000 consecutive admissions to a 
major hospital in New York City were due 
to side effects of drug therapy, which leads 
us to repeat the question, “Are drugs safe?” 
Safety must be considered largely from a 
relative point of view. When the possible 
benefit is weighed against the possible 
harm of new drugs that have reached the 
market the scale will tip easily in favor of 
the beneficial effect they have—provided 
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the balance on which they are measured is 
the sound professional judgment of a well- 
informed practitioner. The physician is rec- 
ognized as having the responsibility for 
using drugs safely. Allied with the physi- 
cian stands an arm of the Federal Govern- 
ment which also is charged with the re- 
sponsibility of assuring that new drugs are 
safe before they can be marketed and pro- 
moted to the physician for his prescription. 
This unit is the Food and Drug Administra- 
tion and its authority for regulating new 
drugs is contained in the new drug section 
of the Federal Food, Drug, and Cosmetic 
Act. 

Until the passage of the present Federal 
Food, Drug, and Cosmetic Act in 1938, 
there had been no restrictions on the intro- 
duction and interstate marketing of new, 
untested, and possibly dangerous drugs. It 
took a tragic incident to bring about legis- 
lation to require adequate testing of drugs 
for safety before they could be marketed. 

What has come to be known as the “Elixir 
of Sulfanilamide Tragedy” resulted in more 
than a hundred deaths. The sulfanilamide 
disaster of 1937 resulted from marketing a 
diethylene glycol solution of sulfanilamide 
without investigation of the toxicity of the 
solvent. There had been a problem with 
the solubility of sulfanilamide in ordinary 
and known safe solvents so without even 
rudimentary toxicologic evaluation the di- 
ethylene glycol was used and the product 
was marketed. It was not long before a se- 
ries of deaths reported from across the 
country brought the inspectional forces of 
the Food and Drug Administration into 
play. The investigations soon established 
the guilt of the deadly Elixir of Sulfanila- 
mide. The product was removed from the 
market quickly, but the only charge that 
could be made against the drug at that time 
was that it was misbranded since it was la- 
beled an “elixir” and, in fact, failed to meet 
the definition that an elixir is an alcoholic 
solution. 

With the unhappy story of this event 
fresh in its memory, the Congress passed 
new Food and Drug legislation in 1938, leg- 
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islation which had failed to pass in several 
previous years and legislation which now 
contained provisions that all “new drugs” 
must be shown to be “safe” before market- 
ing. This “new drug” provision was in- 
tended to insure that tests would be com- 
pleted before introduction of a new drug 
into interstate commerce. It was to prohibit 
such introduction until the manufacturer 
had submitted full information showing 
that the drug had been adequately tested 
and not found to be unsafe for use under 
the conditions prescribed in the labeling. 
The mandate from Congress further indi- 
cated that this not be a licensing provision 
but be intended merely to prevent imma- 
ture marketing of new drugs not properly 
tested for safety. 

The report accompanying the bill also 
pointed out that the new-drug provision 
did not put the Federal Government into 
the business of developing new drugs nor 
did it require the Government to duplicate 
laboratory and clinical tests made by re- 
sponsible manufacturers. The provision 
merely set up a method for the authoritative 
review of the manufacturers’ tests which 
would not unreasonably delay the entry of 
new drugs into the market. It requires the 
manufacturer to submit a new drug appli- 
cation to the Government for review of 
safety studies before he can vend the prod- 
ucts of his research and development. 

Let us now examine how this application 
with its mass of data is reviewed and eval- 
uated by the experts of the New Drug 
Branch, a section of the Food and Drug 
Administration’s Bureau of Medicine. 

What is a new drug under the law? When 
must a new product be subjected to this 
safety evaluation? 

The definition of a new drug is contained 
in the Federal Food, Drug, and Cosmetic 
Act. A new drug is defined as one which, 
when used as directed in its labeling, is not 
generally recognized as safe by experts 
qualified by scientific training and experi- 
ence to evaluate the safety of drugs. It is 
pointed out by regulation that a product 
may be a new drug not only on account of 
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its active ingredient, but also because of 
any new solvent, excipient, coating, or other 
component. A combination of two old 
drugs may be a “new drug” or even a com- 
bination of drugs of recognized safety may 
be made a “new drug” by a change in pro- 
portion of its ingredients. A drug which is 
recognized as safe for the treatment or pre- 
vention of one disease may become a new 
drug when recommended for treatment of 
another disease or for its effects on another 
structure or function of the body. Newness 
of a drug may stem from a change in dos- 
age or in method or duration of administra- 
tion from those generally recognized as 
safe. The second part of the definition states 
that a new drug continues to be a new drug 
even after it has been shown to be safe by 
investigations. This status holds until it has 
been used to a material extent or for a ma- 
terial time under the conditions of use 
which have been provided for in an appli- 
cation. 

As a consequence of this section of the 
Federal law, anyone who wishes legally to 
distribute in interstate commerce a product 
which falls within the legal definition of a 
“new drug,” as stated above, must first ob- 
tain an effective new drug application. The 
only exceptions involve a group of 5 antibi- 
otics and their derivatives which by law 
must be certified, and several biologic prep- 
arations, such as toxins, antitoxins, vac- 
cines, and certain blood products which are 
subject to license control by the Public 
Health Service. In order to obtain an effec- 
tive application, the applicant must con- 
duct such studies as are reasonably appli- 
cable to demonstrate his product’s safety 
and then submit all of his data to the Food 
and Drug Administration. 

The application, together with a com- 
pleted application form (see Fig. 1), must 
be submitted and must contain among 
other information: 

1. Full reports of all investigations that 
have been made to show whether or not 
the drug is safe for use. 

2. A full list of the articles used as com- 
ponents of the drug. 
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Form FD-356—Rev. 1956 
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Food and Drug Administration 













Original [] or Supplemental [1 Applica 
Name of applicant 
Address 


(If this is a supplement 


For the Commissioner of Food and Drugs 
Washington 25, D.C. 


Dear Sir: 
The undersigned, 


(1) Full reports of all investigations that have been made to 
show whether or not the drug is safe for use. 

(a) An application may be incomplete or may be refused 
unless it includes full reports of adequate tests by all methods 
reasonably applicable to show whether or not the drug is safe 
for use as suggested in the proposed labeling. The reports 
ordinarily should include detailed data derived from appro- 
priate anima] or other biological experiments in which the 
methods used and the results obtained are clearly set forth. 
Reports of all clinical tests by experts, qualified by scientific 
training and experience to evaluate the safety of drugs, should 
be attached and ordinarily should include detailed inforination 
pertaining to each individual treated, including age, sex, con- 
ditions treated, dosage, frequency of administration, duration 
of administration of the drug, results of clinical and laboratory 
examinations made, and a full statement of any adverse effects 
and therapeutic results observed. : 

(b) The complete composition and/or method of manufac- 
ture of the new drug used in each submitted report of in- 
vestigation should be shown to the extent necessary to establish 
its identity, strength, quality, and purity if it differs from the 
description in parts (2), (3), or (4) of the application in any 
way that would bias an evaluation of the report. 

(c) The unexplained omission of any reports of investiga- 
tions made with the drug by the applicant or submitted to him 
by an investigator he supplied with the drug that would bias 
an evaluation of the safety of the drug constitutes grounds for 
the refusal or suspension of an application. 

(2) A full list of the articles used as components of the 
drug. (This list should include all substances used in the 
synthesis, extraction, or other method of preparation of any 
new-drug substance, regardless of whether they undergo chemi- 

_ cal change in the process. Each substance should be identified 
by its common English name or complete chemical name, using 
structural formulas when necessary for specific identification. 
If any proprietary preparation is used as a component, the 
proprietary name should be. followed by a complete quantita- 
tive statement of composition. Reasonable alternatives for 
any listed substance may be specified.) 

(3) A full statement of the composition of the drug. (This 
statement should set forth the name and amount of each in- 
gredient, whether active or not, contained in a stated quantity 
of the drug in the form in which it is to be distributed; as, 
for example, amount per tablet or per milliliter, in addition to 
a representative batch formula. ie calculated excess of an 
ingredient over the label declaration should be designated as 
such and percent excess shown. Reasonable variations may be 
specified.) 

(4) (a) A full description of the methods used in the manu- 
facture, processing, and packing of the drug. Included in 
this description should be full information on the following, 
in sufficient detail to permit evaluation of the adequacy of the 
manufacturing, processing, and packing methods to determine 
- preserve the identity, strength, quality, and purity of the 

rug: 

(i) The methods used in the synthesis, extraction, isolation, 
or purification of any new-drug substance. When the specifica- 
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3. A full statement of the composition of 
the drug. 

4. A full description of the methods used 
in and the facilities and controls used for 
the manufacture, processing, and packing of 
the drug. 

5. Samples of the finished product. 

6. Copies of all labeling to be used for 
the drug. 


To the SECRETARY OF HEALTH, EDUCATION, AND WELFARE 
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Form Approved 
Budget Bureau No. 57-R003.1 
Expiration Date: 12-31-62 


tion 


al application, see Item (8)) 


Brod aera arene ee , submits this application 


with respect to a new drug pursuant to section 505 (b) of the Federal Food, Drug, and Cosmetic Act. Attached 
hereto, in duplicate, and constituting a part of this application are the following: 


tions and controls applied to such substance (described in part 
(4) (b) of this form) are inadequate in themselves to deter- 
mine its identity, strength, quality, and purity, the methods 
should be described in sufficient detail, including quantities 
used, times, temperature, pH, solvents, etc., to determine these 
characteristics. Alternative methods or variations in methods 
within reasonsble limits that do not affect such characteristics 
of the substance may be specified. 

(ii) The methods used in processing and packing each pro- 
posed dosage form of the new drug, including a description of 
the container or other packaging material. 

(iii) If the applicant does not himself perform all the manu- 
facturing, processing, and packing operations for any new-drug 
substance or the new drug, his statement identifying each 
person who will perform — of such operations and desig- 
nating the part and a signed statement from each such person, 
— describing the methods he uses directly or by reference. 

(b) A full description of the facilities and controls used for 
the manufacture, processing, and packing of the drug. 


(Included in this description should be full information on 
the following i, sufficient detail to permit evaluation of the 
adequacy of the described methods, facilities, and controls to 
— the identity, strength, quality, and purity of the 
rug.) 

(i) A description of the’ physical facilities including plant 
and equipment used in manufacturing, processing, packing, and 
control operations on the new drug. 

(ii) If the applicant does not himself perform all the manu- 
facturing, processing, packing, and control operations, his 
statement identifying each person who will perform a part of 
such operations and designating the part; and a signed state- 
ment from each such person fully describing the facilities and 
controls he uses in his part of the operations directly or by 
reference. 

(iii). Precautions to insure proper identity, strength, quality, 
and purity of the raw materials, whether active or not, includ- 
ing the specifications for acceptance of each lot of raw 
material. ; 

(iv) Whether or not each lot of raw materials is given a 
serial number to identify it, and the use made of such numbers 
in subsequent plant operations. 

(v) Method of preparation of formula card, and manner in 
which it is used. 

(vi) Number of individuals checking weight or volume of 
each individual ingredient entering into each batch of the 

rug. 

(vii) Whether or not the total weight or volume of each 
batch is determined at any stage of the manufacturing process 
subsequent to making up a batch according to the formula card 
and at what stage and by whom it is done. 

(viii) Precautions to check the actual packaged yield pro- 
duced from a batch of the drug with the theoretical yield. 

(ix) Precautions to insure that the proper labels are placed 
on the drug for a particular lot, including provisions for label 
storage and inventcry control. 


g. 1. 


These applications, depending on the 
drug, vary in size from one small volume to 
a submission consisting of multiple volumes 
amounting to thousands of pages and close 
to 100 pounds of material. They are re- 
ceived and reviewed by the New Drug 
Branch. The relatively small professional 
staff of this Branch, consisting of physi- 
cians, chemists, and pharmacists, must bear 
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(x) The analytical controls used during the various stages 
of the manufacturing, processing. and packing of the drug, 
including a detailed description of the collection of samples 
and the analytical procedures to which they are subjected. 
If the article is one which is represented to be sterile, the same 
information should be given for sterility controls. Include the 
a required for acceptance of each lot of the finished 

rug. 

(xi) An explanation of the exact significance of any batch 
control numbers used in the manufacturing, processing, and 
packing of the drug, including any such control numbers that 
may appear on the label of the finished article. State whether 
or not any of the numbers appear on invoices and describe any 

2 other methods used to permit determination of the distribution 
j of any batch if its recall is required. 

(xii) A complete description of and the data derived from 
studies of the stability of the drug. If the data indicate that 
an expiration date is needed to preserve te identity, strength, 
quality, and purity of the drug until it is used, a statement of 
an expiration date. 

(xiii) Additional procedures employed which are designed to 
prevent contamination and otherwise insure proper control of 
the product. 

x (5) Three finished market packages of the drug, and other 
samples of the drug or its components on request. 


(When finished market packages of the drug-are not available 
to submit with the application, state that finished market pack- 
ages conforming to the description under part (4) (a) (ii) and 
labeled as provided in part (6) of the application will be sub- 
mitted as soon as available and prior to the marketing of the 
drug. In case the drug is available only in limited quantity, 
state the extent to which samples of the drug and its com- 
ponents will be available on request.) 

(6) Five copies of each label and other labeling to be used 
for the drug. 

(a) Each label, or other labeling, should be clearly identified 
to show its position on, or the manner in which it accompanies, 
the market package. 

%) (b) The labeling on or within the retail package should in- 
clude adequate directions for use by the layman under all the 
conditions for which the drug is intended for lay use, or is to 
be prescribed, recommended, or ee in any labeling or 
advertising sponsored by or on behalf of the applicant and 
directed to laymen. 

(c) The labeling on or within ‘the retail package, or a 
brochure or other printed matter specifically identified on such 
label or labeling and made available to practitioners, should 
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Very truly yours, 


name of the drug as shown on the application. 








contain adequate information for use of the drug by such 
practitioners under all the conditions for which the drug is 
intended or is to be prescribed, recommended, or suggested in 
any labeling or advertising sponsored by or on behalf of the 
applicant. 

(d) Labeling bearing adequate information for use of the 
drug by practitioners should be a part of the retail package of 
injections and any other drug that may be unsafe for the 
intended use unless such information is immediately available 
to the practitioner. 

(e) Typewritten or other draft labeling copy may be ac- 
cepted for conditional consideration of an application, pro- 
vided a statement is made that final printed labeling identical 
in content to the draft copy provided for in the application 
will be submitted as soon as available and prior to the 
marketing of the drug. 

(7) State whether the drug is (or is not) limited in its 
labeling and by this application to use under the professional 
supervision of a practitioner licensed by law to administer it. 

(8) If this is a supplemental application, full information 
on each proposed change concerning any statement made in 
the effective application. 


(After an application is effective, a supplemental application 
may propose changes. The supplemental application may omit 
statements made in the effective application concerning which 
no change is proposed. A supplemental application should be 
submitted for any change beyond the variations provided for in 
the application, that may alter the conditions of use, the label- 
ing, the safety, identity, strength, quality, or purity of the drug 
or the adequacy of manufacturing methods, facilities, or con- 
trols to preserve them. When necessary for the safety of the 
drug, a supplemental application may be required to specify 
a@ period of time within which the proposed change will be 
made; and in such case the distribution of the drug after such 
time without such change constitutes distribution without an 
effective new-drug application. A supplemental a is 
not required when the article is no longer a new drug unless 
the proposed change itself causes it to become a new drug. If 
a material change is made from the representations in an 
effective application for a new drug before a supplement is 
effective for such change, the application may be suspended 
under § 130.27.) 

(9) It is understood that all representations in this applica- 
tion regarding the components, composition, manufacturing 
methods, facilities, controls, and labeling apply to the drug 
produced until an effective — to the application pro- 
vides for a change or the article is no longer a new drug. 

» 


(Indicate authority) 


4 This application must be signed by the applicant or by an authorized attorney, agent, or official. 


The data specified under the several numbered headings should be on separate sheets or sets of sheets, 
suitably identified. The sample of the drug, if sent under separate cover, should be addressed to the New 
Drug Branch and identified on the outside of the shipping package with the name of the applicant and the 


The applicant will be notified of the date on which his application is filed. An incomplete application, 


4 or one which has not been submitted in duplicate, will usually be retained but not filed as an application 
: provided for in section 505 (b) of the act. The applicant will be notified in what respect his application is 


incomplete. 


‘ ALL APPLICATIONS AND CORRESPONDENCE SHOULD 
% BE SUBMITTED IN DUPLICATE 


the burden of evaluating the completeness 
and adequacy of the studies that have been 
devised, conducted, and reported by these 
applicants. The review procedure calls for 
the assistance of other Food and Drug Ad- 
ministration technical divisions whenever 
indicated. In some instances the advice of 
original investigators or experts outside the 
Food and Drug Administration may be 
sought. Let us note some of the considera- 
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tions and problems that face the evaluators 
in their processing of new drug applica- 
tions. 

The investigations that are submitted or- 
dinarily are expected to include full reports 
of adequate tests by all methods reasonably 
applicable and should contain detailed data 
derived from appropriate animal or other 
biologic experiments in which the methods 
used and the results obtained are clearly set 
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forth. Reports of all clinical tests by experts 
qualified by scientific training and experi- 
ence to evaluate the safety of drugs should 
be attached and should include detailed in- 
formation pertaining to each individual 
treated, including age, sex, conditions 
treated, dosage and frequency of adminis- 
tration, duration of administration of the 
drug, results of clinical and laboratory ex- 
aminations made, and a full statement of 
any adverse effects and therapeutic results 
observed. The kind and amount of informa- 
tion that is indicated will depend on several 
factors, such as the nature of the drug and 
its indication, and must be determined in- 
dividually for each new drug. While it is 
not possible to make dogmatic statements 
concerning the requirements with respect 
to the animal toxicity studies, the members 
of the Division of Pharmacology of the 
Food and Drug Adminstration have collab- 
orated in preparing a guide outlining the 
elements of a program for the appraisal of 
the safety of chemicals in foods, drugs, and 
cosmetics. 

In a general way we expect the animal 
studies to include an acute toxicity experi- 
ment (LD,,’s) in at least two or three spe- 
cies by oral and intravenous administration. 
There should also be longer-term animal 
studies, depending on the clinical uses for 
which the drug will be recommended. If it 
is a drug which will probably be used only 
once or for only a day or 2, then a 2 to 3 
week subacute study should usually suffice. 
If on the other hand the intended use of 
the drug will usually require prolonged 
and continuous administration, then chronic 
experiments of from 6 months to a year are 
probably indicated. Customarily these ex- 
periments are carried out by giving the 
drug in animal food. If the product is an in- 
jectable, a toxicity study should be in- 
cluded, the drug being used by the route 
of administration that will be recommended 
clinically. It is recommended that a rodent 
and a nonrodent species be used in these 
toxicity studies so usually rats and dogs are 
selected. The drug should be administered 
to three groups of animals each at a differ- 
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ent dosage level and these compared with 
a control group. The lowest level should be 
at a high therapeutic dose and the highest 
at a dose that will produce toxic effects. 
Blood and urine studies should be per- 
formed routinely and periodically during 
the course of the experiment and other lab- 
oratory procedures that are appropriate 
should be included. At the termination of 
the study the animals should be sacrificed 
and the organc studied for gross and micro- 
scopic lesions. 

Certain varieties of drugs, such as topical 
preparations, will require special methods 
of study. Techniques have been devised 
which will test the potentiality of such 
preparations to produce primary irritation, 
sensitization, or systemic effect due to ab- 
sorption from the skin. An injectable drug 
should be studied also for its local irritating 
effect. 

When this amount of animal information 
has been acquired and studied, it is usually 
sufficient to indicate progress to careful ad- 
ministration of the drug to humans. In the 
process of acquiring the toxicity informa- 
tion, there has also been in most instances 
careful study of the pharmacologic activity 
and of the metabolic fate of the drug. These 
studies will have provided information rel- 
ative to the principal sites of activity of the 
drug, will indicate a range of dosage which 
can be expected to produce an effect, and 
will suggest potential side effects as well 
as the resultant effect that might be en- 
countered in event of overdosage. Armed 
with these facts the clinical phase of the 
investigations proceeds. 

While the guides to the type of animal 
study that is usually accepted cannot be 
precisely spelled out, they are still much 
more definitive than are the criteria that 
can be established for the clinical studies. 
In using drugs on human subjects it is ob- 
viously impossible to specify such a defi- 
nite program of drug use as we can in the 
rodents and dogs where an LD,, or sub- 
acute study at a toxic dose level is sug- 
gested. The possibility of unanticipated ef- 
fects of a certain drug must be considered 
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and this tangent explored. It is not possible 
to state simply how many patients must be 
studied to demonstrate the safety of a drug. 
A series of clinical groups are often re- 
quired, with each group being studied for 
some different aspect of the agent and all of 
these facets must be accumulated and fitted 
together before the picture of the drug be- 
comes clear. The investigators, clinical fa- 
cilities, and the patient material will vary. 
Because of these and many, many other 
variables, it quickly can be recognized that 
to forecast what will be an adequate pro- 
gram of clinical study is virtually impossi- 
ble. And it is for these same reasons that 
our most difficult decisions in evaluating the 
adequacy of evidence of safety come in the 
review of the clinical data. 

Who performs these clinical investiga- 
tions? The requirement is that the investi- 
gations be carried out by experts qualified 
by training and experience to evaluate the 
safety of drugs. The Food and Drug Ad- 
ministration has zealously refrained from 
ever attempting to exert any control or reg- 
ulation over the practice of medicine and 
in accord with this policy has never defined 
any professional requirements which must 
be met by those who study investigational 
drugs and whose reports are submitted in 
new drug applications. To a considerable 
extent it is the quality of the study which 
determines the weight it will carry in the 
evaluation of a drug. It is only natural, 
however, that, other things being equal, we 
would lean heavily on studies performed by 
recognized and acknowledged specialists 
and by recognized medical colleges and re- 
search facilities. 

It is also to be expected, if the drug 
under study is a new anesthetic, that the 
more critical evaluation will come from 
qualified anesthesiologists or if a drug is 
to be offered for the treatment of diabetes 
that it should be studied by specialists in 
that field. If the drug is to be offered for 
pediatric use as well as for adults, then the 
clinical studies should include groups of 
children. This does not mean to say that 
a certain amount of very valuable and help- 
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ful information might not also be obtained 
by extending the studies and having some 
investigations done by competent general 
practitioners. One can hardly expect one or 
even two studies to provide all of the in- 
formation about the clinical use of a drug. 
It is important that the clinical evaluation 
be done by several competent investigators 
and preferably by investigators from a va- 
riety of clinical centers. The reasons for 
these considerations should be obvious. It 
is difficult at best to get an accurate picture 
of the clinical behavior of a drug. We must 
consider that one evaluator may be enthu- 
siastic about any new drug, and we like- 
wise recognize that other clinicians are hy- 
percritical of any new agent. There must 
be an adequate number of studies then to 
balance these extremes and reach a fair and 
accurate judgment. 

There are times when, as a result of the 
information gleaned from the animal stud- 
ies, we know that special laboratory studies 
are indicated. Some of these may be rela- 
tively routine and capable of being per- 
formed anywhere, but on the other hand 
there are drugs which require that more 
elaborate and specialized tests be per- 
formed, facilities for which are available in 
only a limited number of clinical centers. 
All of these factors add up to the conclu- 
sion that an adequate clinical investigative 
program must entail, at times, multiple 
studies on a multitude of patients and em- 
ploy a variety of scientific disciplines. As 
we mentioned previously, some of the most 
difficult decisions that the Food and Drug 
evaluators must make involve these clinical 
studies. 

After these brief thoughts on what 
a new drug application should include, 
here are some of the problems and diffi- 
culties that are actually encountered in 
new drug submissions. The most frequently 
encountered deficiency is in reports that 
are sketchy and incomplete. Investigators, 
before undertaking a new drug study, are 
obligated to complete an _ investigator's 
form and should therefore know that care- 
ful observation of their patients is indi- 
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cated. They should know, too, that these 
studies usually include information on age, 
sex, conditions treated, dosage, and fre- 
quency of administration, duration of ad- 
ministration, and details of indicated labor- 
atory studies. Having this information, the 
problem is usually that of recording and 
reporting it. Some studies are reported only 
in the testimonial form, such as “I used 
your drug on many patients. It was success- 
ful in the majority and there were no sig- 
nificant side effects.” This is of no value 
whatsoever. It is impossible to know any of 
the facts from this type of report. We do 
not know what side effects were looked for 
or what in this individual’s opinion is con- 
sidered significant. Did this include labora- 
tory studies and what were the details? A 
report that “lab studies were within normal 
limits” fails again to tell us which tests 
were done and what is considered normal. 
It is impossible for the pharmaceutical firm 
to devise adequate labeling for their drug 
based on such reports and they are equally 
worthless to the physician at the Food and 
Drug Administration who must review the 
report. 

The applicant who submits a new drug 
application—generally this is a pharmaceu- 
tical firm—is responsible for obtaining and 
submitting these reports from busy practi- 
tioners. These men are often eager to do 
the work on the new drug, but the mechan- 
ical chore of writing the report which is 
time consuming and often tedious is the 
problem. Many firms have facilitated the 
return of complete and full reports by de- 
vising forms which require only short fill-in 
answers or check forms to get most of the 
necessary information. Even with such 
short-cut methods for obtaining informa- 
tion, there still should be a general ap- 
praisal of the drug by the investigator; this 
is not to be confused with the testimonial 
which was criticized above. When an in- 
vestigator accompanies the detailed case 
reports with an evaluation of the new drug 
based on his experience and in comparison 
with older and recognized agents of similar 
type, it is of help in reaching a decision. 
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All of the animal and clinical - studies 
having been considered, labeling is the next 
step in the new drug evaluation. The label- 
ing of a drug includes not only the label 
on the article and its container, but also all 
the information accompanying the article. 
If the proposed drug is to be sold without 
prescription, then the labeling must con- 
tain adequate directions for use by the 
laity. If, as is usually the case, the drug is 
intended for prescription use, the labeling 
should contain adequate information for 
use of the drug by physicians. This means 
that the container labels, as well as the 
package insert or the brochure intended for 
the physician, are part of the information 
which is subjected to critical processing in 
the new drug application. This labeling, 
then, is another vital part of the considera- 
tion of whether the new drug is “safe,” for 
it is based on the information thus pre- 
sented. A drug should be safe for use as 
labeled and it is in this labeling that the 
physician is given the information he needs 
to use the drug properly. It is in the label- 
ing—the label and the brochure—that the 
physician is told of the indications, the 
dosage, the contraindications, the precau- 
tions he must observe, and the side effects 
he might expect. This information is the 
culmination of all the information obtained 
from the animal experimentation and the 
actual clinical trials. 

One of our major problems is trying to 
see that the presentation of the information 
in the brochures is an accurate and un- 
slanted appraisal of the facts obtained from 
these investigations. We must be sure the 
dosage recommended is that which was 
used and shown safe in the trials. We must 
also be sure that favorable studies are not 
given more prominence than unfavorable 
studies. Even though a certain adverse ef- 
fect may have been reported only rarely in 
the clinical studies and possibly by only 
one or two investigators, we think that in 
all probability this effect will be encount- 
ered when the drug is marketed. A decision 
must be made with the recognition that 
safety is relative. No drug is entirely safe. 
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There are a number of drugs which are 
marketed and are well known to be defi- 
nitely hazardous. In this connection consid- 
eration is given to the value of a drug as a 
therapeutic agent. If it is a drug that is 
lifesaving or if it is a palliative agent in the 
treatment of a serious disease for which 
there is no better remedy, then some degree 
of hazard can be sanctioned. If, on the 
other hand, the drug is offered for some 
minor ailment such as a simple headache or 
a minor cold, then little or no risk should 
be tolerated. There are all gradations of 
necessity and safety between these ex- 
tremes. In processing a new drug applica- 
tion, our considerations are based only on 
an evaluation of the safety of a drug and 
we can control claims for effectiveness of 
the agent only inasmuch as they directly in- 
volve safety. As an example, we take the 
position that safety can be questioned in 
the extreme situation of an _ ineffective 
agent, albeit safe per se, offered as a cure 
for a potentially fatal illness, especially 
when there is other therapy of recognized 
value available. 

The brochure for a new drug is fre- 
quently the only source of information on 
the new product available to the physician. 
It must be reliable. Because of delays in 
publication, new drugs are very often avail- 
able to the practitioner before reports of 
the studies which were the basis for con- 
sidering them suitable for marketing. The 
Food and Drug Administration does not 
have the authority to withhold from the 
market any drug simply because the data 
regarding the drug are not published and 
available to the profession. It is, therefore, 
our responsibility to assure that the physi- 
cian’s brochure or package insert accurately 
and sufficiently reflects the known facts 
about the drug. To accomplish this end 
often involves the problem of semantics. 
There are frequent conferences between 
the new drug applicants and Food and 
‘ Drug representatives to agree on the lan- 
guage to be used in these brochures which 
will present the drug to the physician in its 
proper perspective. In each case, however, 
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it is our policy to require a brochure which 
gives the whole picture. This brochure is 
available and usually presents a more nearly 
complete story than most of the promo- 
tional literature which floods the mails. 

There are other parts of the review of a 
new drug application which to the clinician, 
on the surface, would seem to be of little 
interest. These involve review of informa- 
tion which, in fact, is of extreme importance 
to the practitioner in assuring the safety of 
the drugs he uses. The manufacturer is re- 
quired to submit information on compo- 
nents, composition, the facilities, and con- 
trols that are used in the production of the 
drug, which will assure uniformity in iden- 
tity, quality, strength, and purity of the fin- 
ished drug product. 

In this regard each new drug application 
is required to contain a complete listing of 
the components of the drug. The list in- 
cludes not only the ingredients of the final 
product, but of all substances used in the 
‘synthesis or preparation of the drug. Such 
information may alert us to the possibility 
of contamination of the final product by 
some undesirable substance which may 
have been carried over during manufacture. 
It may suggest the necessity for control 
procedures or specifications to insure the 
absence from the final product of such a 
substance or its presence in only a limited 
and tolerable concentration. The full state- 
ment of the composition of the drug is the 
quantitative formula for the dosage form 
and includes, for example, the materials in 
the coatings, solvents, and flavorings. A 
batch formula serves as a check on the 
quantitative composition and will reveal 
averages which are used in the manufac- 
turing procedure. If this seems like too 
much detail, recall that it was an untried 
solvent in the Elixir of Sulfanilamide that 
was the toxic substance and which was the 
stimulus for the new drug portion of the 
Food and Drug Law. 

In order to prevent the wrong material 
from accidentally getting into a drug, we 
consider it good manufacturing practice to 
check each lot of raw materials for accep- 
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tance with respect to identity, strength, 
quality, and purity. In addition, analytical 
controls should be used during various 
stages of the manufacturing process and 
are certainly required for the finished prod- 
uct. Such procedures as assay methods and 
sterility controls are also a part of the in- 
formation required. In recent years we have 
been requiring reports of stability studies 
on new drugs and a statement of an expira- 
tion date if needed. This is of particular 
importance with certain dosage forms, such 
as parenterals and some liquid prepara- 
tions. 

The description of the manufacturing 
procedures and controls which have just 
been mentioned is an important part of the 
new drug application. Such procedures and 
controls are necessary in establishing the 
safety of a drug. They insure that the prod- 
uct manufactured will be of uniform stand- 
ard. As a result of such controls, the physi- 
cian has come to expect this standard and 
confidently presumes that the drugs he uses 


and prescribes routinely and uniformly 
meet it. 


Completion of a review of a new drug 
application has included the evaluation of 
pharmacologists, chemists, experts in the 
drug manufacturing procedures, and physi- 
cians. Within 60 calendar days a decision 
must be reached. If significant details in 
any area have been omitted, we may refuse 
to file the application and the applicant is 
given the opportunity of collecting the 
missing details and amending the applica- 
tion. If, in the opinion of the Food and 
Drug Administration the information is com- 
plete, but inadequate to establish safety, 
the applicant may withdraw his application 
and proceed to accumulate aditional evi- 
dence. If, on the other hand, he considers 
that he has adequately shown safety, he 
may be given the opportunity of a hearing 
before a hearing examiner representing the 
Secretary of the Department of Health, 
Education and Welfare, to hear the facts. 
If the decision of this hearing is adverse to 
the applicant, he may appeal to the Fed- 
eral courts. In practice, the scientists repre- 
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senting the applicant and the scientists of 
the Food and Drug Administration usually 
can discuss these matters on a very high 
sicentific plane and resolve their differences 
satisfactorily. As a result, there is very 
rarely an occasion when consideration must 
be given to the administrative hearing or 
court procedure. 

If the Food and Drug Administration is 
satisfied that adequate study has been per- 
formed and reported and that with the in- 
dicated pattern of labeling the drug is safe 
for use, the new drug application is al- 
lowed to become effective. This simply 
means, at this point, that the Government 
has been satisfied that the drug can be 
safely used and will interpose no objection 
to its interstate marketing. As indicated in 
the legislative history of the enabling stat- 
ute, this constitutes neither a licensing of 
the drug nor is it an approval of its claims. 
Not infrequently we take exception in cor- 
respondence with the firms to statements in 
the labeling which we do not believe to be 
justified. Our objections may or may not be 
heeded. As we have stated, we cannot pre- 
vent an application from becoming effec- 
tive on the basis of unsubstantiated claims 
unless these can be directly related to safety. 
When a new drug is marketed, it is subject 
to the other provisions of the Act which in- 
clude those of misbranding because of false 
or misleading claims. In regulating drugs 
under this section of the law, however, un- 
like the new drug section, the burden of 
proof in a Federal court is upon the Gov- 
ernment. We have learned by experience 
that proof of misbranding usually requires 
not only expert opinion, but also negative 
data obtained by adequate clinical investi- 
gation. 

A new drug remains a matter of concern 
to us even after it is the subject of a new 
drug application and is marketed. Any 
change or revision of the original applica- 
tion must be covered by supplements which 
are reviewed and handled just as the orig- 
inal application. These supplements may 
provide for an additional tablet of different 
potency from that initially distributed, for 
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a change in the inactive ingredients, for 
modification of manufacturing procedures, 
for distribution of the drug under the label 
of another firm, or for revised labeling. Re- 
vised labeling may relate to a change in 
dosage, added indications for use, or addi- 
tional precautions based on further experi- 
ence with the product. In comparison with 
about 500 original applications which may 
be received in a year, there are submitted 
within the same period 1,000 to 2,500 sup- 
plements for applications already effective. 

We follow with interest and continuing 
concern the marketing experience with the 
drug. Staff limitations prevent us from pur- 
suing this to the extent we consider ade- 
quate. We try to cover the current medical 
literature, but we recognize frequent lags 
because of publication schedules. We may 
receive reports from individual physicians, 
from the Food and Drug Administration 
field inspectional staff, or from the firm 
which distributes the drug. Soon we are 
hopeful of establishing a unit within the 
Food and Drug Administration whose func- 
tion will be to obtain as soon as possible 
information on adverse drug reactions. The 
reports we receive occasionally justify re- 
vised labeling such as dosage reduction or 
added precautions. This has been done 
sometimes on our initiative and sometimes 
on the initiative of the firm. In some cases 
it has been necessary to remove a drug from 
the market. Under such circumstances an 
effective application can be suspended by 
legal procedure. 

How long is a drug considered new and 
subject to this control? The second part of 
the definition of a new drug states that it 
continues to be new even after it has been 
shown safe by investigations. It is some- 
times shown that, in actual use, drugs are 
not as safe as was predicted on the basis 
of investigative studies. The new drug sta- 
tus holds until the drug has been used to a 
substantial extent and for a material time 


- under the conditions of use which have 


been provided for in the new drug applica- 
tion. This means that, although one firm 
holds an effective application and is mark- 
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eting the drug, other firms must obtain their 
own effective applications before market- 
ing the same drug as long as it has new 
drug status. Here again, differences of opin- 
ion may arise as to whether a drug has been 
used to a sufficient extent or for a sufficient 
time to justify its removal from the cate- 
gory of new drugs. Decisions with respect 
to whether a new product is a new drug 
requiring a new drug application are of 
extreme importance to the pharmaceutical 
firm. The time and expense involved in 
preparing an application are of consider- 
able commercial significance and we do 
not have the authority to dictate such de- 
cisions. If a difference of opinion does exist 
which cannot be mutually resolved, the 
question can be answered in a Federal 
court. 

It has been just over 20 years now that 
new drugs have been subjected to this Fed- 
eral control. Over 12,000 new drug appli- 
cations have been reviewed by the Food 
and Drug Administration. Working under a 
strict time limit of 60 to 180 days and with 
a relatively small staff, the New Drug 
Branch of the Food and Drug Administra- 
tion has made and continues to make a sig- 
nificant contribution to the medical profes- 
sion and to the public health in general. 

Briefly, let us consider some of the ad- 
vantages to the physician that result from 
governmental review of new drugs. The 
physician does not have to consider his first 
trial with a new drug as a novel experiment. 
He can use new drugs with the confidence 
and assurance that studies have already 
been made which have verified the drug as 
safe. Governmental review has provided la- 
beling which is available to the physician 
giving him all of the essential information 
needed by him to use the drug safely. 

There are some things which are not 
done with which the physician should be 
equally familiar in his considerations of 
new drugs. Food and Drug review does not 
constitute licensing nor is it an approval of 
the claims of efficacy. It does not mean, 
either, that the Food and Drug Administra- 
tion is dictating how the physician should 
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practice medicine or what drug is best for 
any particular patient. It simply implies 
that the physician has available to him in- 
formation gained by the experience of his 
colleagues and reflected in the brochure to 
use in reaching his decision as to whether 
or not to use a drug. 

Even in view of the Government's role 
in regulating new drugs, the physician still 
maintains a major share of the responsibil- 
ity in this matter of developing new drugs 
and in properly using these potent and 
rapidly expanding new weapons against 
disease. The physician, from clinical inves- 
tigator to general practitioner, can only 
meet his serious responsibility by having a 
better insight into and knowledge of the 
process of development and marketing of 
new drugs. 

The clinical investigator should know 
what is expected of him when he submits 
the results of his work and experience to a 
pharmaceutical firm. He is assuming the 
responsibility of providing the basis for the 
information which will allow the drug to 
be marketed in the first place, as well as 
the basis for the information which will 
be disseminated to the medical profession 
at large, telling them how to use the drug 
effectively and safely. The clinical investi- 
gator does much more than simply satisfy 
his clinical curiosities or serve as a consult- 
ant to a pharmaceutical firm as an aid in 
maintaining and supporting his clinical fa- 
cilities. His role and responsibility in new 
drug development are vital. 

The practitioner, too, has a responsibility 
which he must meet to care for his patients 
properly. He must know as much about a 
new drug as possible before he can safely 
prescribe it. He must know the precautions 
that must be observed, the side effects, and 
the contraindications to the use of the 
drug. He must know where to find this in- 
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formation, and, until the drug has -been 
used to such an extent that his information 
is available in the literature as review ar- 
ticles or in texts of pharmacology, the offi- 
cial brochure is his best source. 
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Epinephrine and norepinephrine 


actions and use in man 


Our present concepts of the role and use of epinephrine and norepinephrine in man are 


largely based on the doctrine of epinephrine as the emergency hormone of the adrenal 


medulla, originally outlined by Cannon and his associates, and the more recent finding that 


norepinephrine serves as neurotransmitter of the adrenergic nervous system and also as 


a medullary hormone. Important contributions to the knowledge of these amines have also been 


gained by empirical work on their use as remedies in various conditions. 


While soon after its discovery epinephrine was introduced into the therapeutic arsenal, it 


was almost 50 years before norepinephrine came to be used more regularly as a drug. 


As soon as it became recognized in the 1940's, however, that norepinephrine served 


as an adrenal medullary hormone as well as adrenergic nerve transmitter, 


the situation changed. It is true that inadequate experimentation and defective conclusions 


in the beginning caused some of the important physiologic differences between the 


two hormones to be overlooked, but gradually the pattern of actions and, based upon these, the 


indications for the use of both epinephrine and norepinephrine became clearer. 


In this review an outline is given of what is now regarded as the physiologic roles of 


the two hormones, based on a survey of some of their most important pharmacologic 


actions in man, and these are compared with reported results of the therapeutic 


effects of the hormones. 


U. S. von Euler, M.D. Stockholm, Sweden 


Karolinska Institutet, Stockholm 


On many occasions unexplained or un- 
expected clinical effects of a drug have in- 
duced investigators to reconsider the ideas 
of its physiologic and pharmacologic actions 
and to seek new information as to their 
mechanism. This has also been the case for 
epinephrine* and norepinephrine.} 

Norepinephrine was synthesized as early 
as 1904 and Biberfeld‘ in Austria advocated 


* Adrenalin. 
+Arterenol, levarterenol, Levophed. 


its therapeutic use in 1906 on the basis of 
some of its pharmacologic actions, which in 
several ways made it a suitable preparation 
and from some points of view even better 
than epinephrine. By virtue, however, of its 
property as a recognized physiologic sub- 
stance and because of the rather incomplete 
knowledge of the actions of the two sub- 
stances, epinephrine alone was accepted as 
a drug, and no serious efforts were made to 
find a place for norepinephrine in therapy. 

Much of the older literature on the sub- 
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ject will be found in the author's?’ mono- 
graph “Noradrenaline.” The reader is also 
referred to the more recent, well-documented 
review of Gaddum and Holzbauer.*® 


Some aspects of the actions of 
epinephrine in relation to its use 
as a cardiovascular stimulant 


Since the pioneer work of Cannon and 
his co-workers it seems well established 
that epinephrine as an emergency hormone 
plays only a minor role during ordinary life 
conditions. Removal of the adrenal medulla 
is not accompanied by any obvious disturb- 
ances except in situations of stress of vari- 
ous kinds. On the other hand epinephrine is 
a powerful stimulant of the heart and the 
vessels in various vascular areas, an efficient 
metabolic catalyzer, and an effective in- 
hibitor and excitor of various smooth-mus- 
cle organs. Epinephrine, therefore, may be 
looked upon as a highly active drug but 
hardly as a substitute during failing physio- 
logic production, owing to the rather spe- 
cial conditions of its natural release. Al- 
though the value of epinephrine in some 
clinical syndromes, as in asthma, is hardly 
disputed, its preferential use in other con- 
ditions has been the subject of controversial 
opinions. While there is no question about 
its efficiency as a cardiac stimulant, it is by 
no means clear that it should be regarded 
as the drug of choice in combating cardio- 
vascular disturbances. In a careful judg- 
ment of the totality of its effects one has to 
take into account a number of actions other 
than the direct, stimulating one on the fre- 
quency and the force of the heartbeat and 
the vascular effects. Many reports have 
dealt with its tendency to “overstimulate” 
the heart as shown by the appearance of 
irregularities in the normal activating mech- 
anisms, its tendency to reduce the efficiency 
of the heart by driving it in an uneconomic 
way, and its forceful but often unwanted re- 
distribution of the blood. This series of 
events may be entirely tolerable and indeed 
even useful in the healthy heart and circu- 
latory system during situations of stress, but 
it seems rather bold and questionable to as- 
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sume that it would be equally desirable in 
attempts to improve the circulation when it 
shows signs of failure for one reason or an- 
other. Even though a word of caution thus 
seems to be justified regarding the clinical 
and therapeutic use of adrenaline in cir- 
culatory disturbances, there is ample evi- 
dence to show that epinephrine may have 
useful effects, particularly in. conditions 
where the circulatory apparatus is essen- 
tially normal and healthy but temporarily 
depressed. 

The important dilatation of the vascular 
bed in skeletal muscle caused by epineph- 
rine suggests that it serves to improve 
the functional alertness of the system 
chiefly involved in locomotion and fight. Is 
such an effect desirable or does it serve a 
useful purpose in the clinical treatment of 
failing circulation, perhaps maintained by 
a heart working at the very limit of its ca- 
pacity and using its last resources? An an- 
swer in the affirmative seems to require 
more positive proof than is available at 
present. 


Physiology and therapeutic use of 
norepinephrine in man 


The physiology of norepinephrine is in 
essence the physiology of the adrenergic 
nervous system. The heart and practically 
all vessels supplied with a muscular coat 
receive sympathetic postsynaptic fibers of 
the adrenergic type. We are therefore con- 
cerned with an almost ubiquitous distribu- 
tion of this system and its neurotransmitter. 
Thus far, there is no indication that these 
fibers release any other transmitter sub- 
stance than norepinephrine, which of course 
does not exclude the possibility that stimu- 
lation of sympathetic nerves may release 
small amounts of adrenaline from chromaf- 
fin cells, supplied with preganglionic fibers 
running in these nerves. The amounts of 
epinephrine released in this way are very 
small, usually less than 10 per cent of 
the total catecholamines. Bilateral adrenal- 
ectomy in man makes the epinephrine nor- 
mally excreted in urine fall by more than 
80 per cent, reducing the ratio of epineph- 
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rine to norepinephrine from about 20 per 
cent to 3 to 5 per cent.*! After degeneration 
of the adrenergic nerves to an organ the 
latter still retains most of its adrenaline,**+*6 
which then most likely depends on the pres- 
ence of the chromaffin cells demonstrated 
in many organs and tissues. 

If we therefore have to admit that nor- 
epinephrine is present in the whole of the 
circulatory system including the heart, and 
continuously released, as judged by its con- 
tinuous outflow in urine, we also have to 
discuss in which ways its actions deviate 
from those of epinephrine, which may be 
released into the blood stream during vari- 
ous conditions. 

Important investigations on the basic cir- 
culatory effects of epinephrine and norepi- 
nephrine have been carried out by Golden- 
berg and associates*® and by Barcroft and 
Konzett.t The subject has also been re- 
viewed more recently.”®*° 

Heart. The bulk of catecholamines in the 
heart of mammals consists of norepineph- 
rine which is distributed in the coronary 
vessels as well as in the myocardium. In 
addition, small amounts (less than 10 per 
cent of the total) of epinephrine are present, 
presumably in chromaffin cells. Thus Paas- 
onen and Krayer‘? found that reserpine 
treatment in the rat did not deplete epi- 
nephrine in the same way as norepineph- 
rine which would be expected if epineph- 
rine was contained in, and released from, 
adrenergic fibers. It has recently been 
shown in animals that depletion of myocar- 
dial catecholamines results in depression 
of cardiac contractility and the intrinsic 
rhythmicity of the ventricle. It seems per- 
missible therefore to conclude that these 
catecholamines are of physiologic impor- 
tance for maintaining normal conditions in 
the heart.®*:78* This should not be over- 
looked in reserpine treatment which, even 
in small doses administered over a pro- 
longed period, may deplete the catechola- 
mines in the heart almost completely.®* 

The effects of epinephrine and norepi- 
nephrine on the heart are in many respects 
similar. Both amines stimulate the fre- 
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quency and the force of the heartbeat.*®:7® 
As pointed out by Rushmer and West,’® the 
effect of norepinephrine may be masked in 
vivo by the homeostatic reflex apparatus 
but will be obvious after exclusion of this, 
for instance, after ganglionic blocking 
agents. 

The effects of epinephrine and norepi- 
nephrine on the efficiency and metabolism 
of the heart have been the subject of much 
discussion. Generally speaking epinephrine 
is a much stronger stimulant of metabolic 
processes than norepinephrine and should 
accordingly have a stronger action on oxy- 
gen consumption. 

It is well known that infusion of epi- 
nephrine and norepinephrine in man may 
cause the appearance of ectopic beats and 
arrhythmias especially when they are ad- 
ministered in large doses. The actions are 
of a complicated nature, and, depending on 
the conditions, epinephrine may either pro- 
voke or abolish ectopic arrhythmias even 
in the same patient.** 

Influence of catecholamines on the blood 
flow through various vascular regions. At 
moderate infusion rates, 0.1 to 0.3 png per 
kilogram per minute in man, epinephrine 
and norepinephrine cause characteristic ef- 
fects on the flow through various organs, 
depending on the effects on peripheral re- 
sistance and the available pressure head. 
These effects have been often reviewed and 
the results will not be repeated in detail 
here. It seems of interest, however, to draw 
attention to some implications from the 
results obtained by infusions of norepineph- 
rine in man and animals. 

It is a common finding that norepineph- 
rine may reduce the blood flow in various 
vascular regions when infused even in mod- 
erate doses. This has been described for the 
kidney, the liver, the brain, and other im- 
portant regions. These findings would nat- 
urally induce some hesitation in the clini- 
cian who might wish to use the drug in 
cases of inadequate circulation. The results 
in normal subjects give, however, only par- 
tial information about the effects which 
might be expected in a failing circulatory 
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system. As pointed out by Corcoran, Wag- 
ner, and Page,)® noradrenaline, although it 
usually causes vasoconstriction in the kid- 
ney, has a diuretie effect in hypertensive 
patients, the filtration rate being unaltered 
or increased. In those cases in which the 
filtration rate was decreased, urine volume 
also decreased. At low blood pressure lev- 
els, however, when diuresis was depressed, 
infusion of norepinephrine causes as a rule 
an increased urinary flow, indicating that 
the rise in blood pressure overcompensates 
the vasoconstriction produced. Only with 
large doses of norepinephrine may the vas- 
oconstriction be so intense—as with epi- 
nephrine—that diuresis suffers. Epinephrine 
seems to exert a stronger vasoconstrictor in- 
fluence than norepinephrine on the kid- 
ney.* Both epinephrine and norepinephrine 
induce proteinuria regularly in man, sug- 
gesting that these hormones play a role in 
the transient proteinuria of various stress- 
ful conditions.*® ; | 

Studies of the effect on the hepatic blood 
flow of infusions of epinephrine and nor- 
epinephrine have not yielded uniform re- 
sults, the variations probably depending on 
differences in dose and mode of administra- 
tion. An increased flow when epinephrine 
was infused and no change in flow after 
norepinephrine’ have been reported in 
man, when moderate doses were used. 

Of special interest are the findings and 
interpretations of the effects of epinephrine 
and norepinephrine infusions on the blood 
flow through the brain. King, Sokoloff, and 
Wechsler®> found a slight increase after 
epinephrine and a slight decrease after nor- 
epinephrine, and similar results were noted 
by Sensenbach, Madison, and Ochs.** On 
the other hand Bovet and associates!* ob- 
served vasoconstriction and decreased flow 
with both epinephrine and norepinephrine 
in the dog. 

Such effects might call for caution in 
using norepinephrine infusions in condi- 
tions of inadequate blood pressure and 
blood flow for fear of curtailing cerebral 
oxygen supply; however, in such conditions 
the effect may be the opposite, i.e., an in- 
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crease in flow occurs as a rule, owing to 
the augmented pressure head which over- 
comes the moderate vasoconstriction in the 
cerebral vascular region. 

Particularly informative in this respect 
are the observations in man made by 
Moyer, Morris, and Snyder.®. While a con- 
tinuous infusion of norepinephrine caused 
a decrease in cerebral flow in normotensive 
subjects, concomitantly with a rise in blood 
pressure, the same infusion actually in- 
creased the cerebral blood flow when the 
blood pressure level was lowered by gangli- 
onic blocking agents. 

It thus seems that the vasoconstriction 
and sometimes reduced flow during norepi- 
nephrine infusion in normal conditions give 
no valid information about the effects in 
circulatory failure when blood pressure is 
low. Under such circumstances the effect 
is generally an increase in flow. 

Considering the fact that norepinephrine 
dilates the coronary vessels even in high 
doses, it is easy to understand that an in- 
fusion of norepinephrine would improve 
the coronary flow any time it is effective in 
raising the systemic blood pressure. On the 
other hand it has been demonstrated that 
epinephrine may constrict the coronary 
bed,®* indicating that the increased coro- 
nary flow after epinephrine is due to the 
more forceful heartbeat. 

Effect on lung circulation. Infusion of 
epinephrine and norepinephrine generally 
causes a rise in pulmonary arterial and 
wedge pressure in man.°*"4 Similar effects 
were found on inhalation of epinephrine in 
normal subjects.! These results are in agree- 
ment with those observed in the dog.*®* 

In this connection it might be recalled 
that the small pulmonary vessels have a 
scanty vasomotor supply as judged by the 
content of norepinephrine, while the large 
vessels have a rather higher content, sug- 
gesting a stronger reaction.** 

Effect on the veins. A constriction of the 
total vascular bed results after administra- 
tion of epinephrine and norepinephrine in- 
dicating that they act also on the veins.** 
This effect is of importance in reducing the 
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capacity of the venous part of the vascular 
bed and thus aids in improving circulation 
in conditions where venous pooling occurs, 
such as in certain states of shock. 

The importance of constriction of the ve- 
nous bed by the vasoconstrictor neurotrans- 
mitter and, consequently, by norepineph- 
rine, for maintaining arterial pressure and 
cardiac output under a hydrostatic load is 
clearly shown by studies on dogs by Salz- 
man and Leverett.*! 

Metabolic actions. While intravenous in- 
fusion of epinephrine causes a considerable 
rise in blood sugar and in blood lactic acid, 
and a fall in the inorganic phosphorus, nor- 
epinephrine has no or only a slight effect 
in these respects.51 

In this connection it seems appropriate to 
bring up the question as to whether or not 
the catecholamines cause a release of 
ACTH. This has been shown for both epi- 
nephrine and norepinephrine in the rat. On 
the other hand, opinions as to the effect of 
epinephrine and norepinephrine in man 
differ. Thorn and co-workers®® found no in- 
crease in urinary corticosteroids after infu- 
sion of epinephrine in man, but subsequent 
workers have found evidence for a release 
of ACTH after infusions of epinephrine. 
An increased excretion of corticosteroids 
has also been observed in cases of chromaf- 
fin cell tumors which secrete epinephrine 
but not in those which secrete norepineph- 
rine solely.* 

Effects on the nervous system and rela- 
tionships to psychic activity. The role of 
epinephrine and norepinephrine in synap- 
tic transmission has been extensively stud- 
ied by Marrazzi,®* who found evidence for 
a reciprocal chemical equilibrium between 
cholinergic and adrenergic neurohormonal 
influences. Thus adrenergic compounds 
were found to be synaptic inhibitors not 
only in ganglionic transmission but also at 
cerebral synapses. Norepinephrine was less 
effective in this respect than epinephrine, 
and required about fifteen times as big a 
dose to cause an equal degree of inhibition. 


*Querido, A.: Personal communication, 1955. 
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Facilitating effects have, however, been 
described with smaller doses of catechol- 
amines.'*6* Reference should also be made 
to the stimulating effects of catecholamines 
on the reticular system in the brain stem." 

The peculiar effect of epinephrine on the 
emotional status is well known, and usually 
manifests itself in a feeling of uneasiness 
and apprehension, sometimes reaching a 
state of anxiety or fright. These effects are 
only occasionally encountered after admin- 
istration of norepinephrine. Swan** noted 
from his interviews with 60 subjects who 
received epinephrine by intravenous infu- 
sion that the effects were usually more 
marked than those experienced in previous 
situations of alarm, and concluded that epi- 
nephrine may well enter the circulation 
during stress, but at rates rather below 10 
pg per minute. These findings are in har- 
mony with observations on the excretion in 
urine during stressful situations, as studied 
extensively by Elmadjian, Hope, and Lam- 
son** and others. From the work of Elmad- 
jian and his co-workers it also became clear 
that in certain conditions also norepineph- 
rine is released in increased amounts, par- 
ticularly in subjects who react in a more ag- 
gressive way. Similar findings have been 
reported by Funkenstein, Greenblatt, and 
Solomon*® and by Cohen, Silverman, and 
Zuidema.18 

The alleged relationships between cer- 
tain psychic disorders and disturbances of 
the catecholamine metabolism have at- 
tracted much interest in the past few years. 
It does not seem possible at present to 
make any definite statements about these 
relationships, however. A critical survey of 
this field has recently been made by Kety** 
to which the reader is referred. It should 
be mentioned, however, that in certain 
mental disorders typical alterations in the 
production and release of catecholamines 
seem to occur.® The increased excretion of 
epinephrine in mania is especially note- 
worthy. 

New interest in the central effects of the 
catecholamines has been induced by the 
finding that reserpine depletes the stores of 
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these amines present in the brain. On the 
basis of this interesting finding,®? a theory 
of the role of norepinephrine as central 
neurotransmitter, has been developed.'* 


Some general aspects of the thera- 
peutic use of catecholamines 


While the conditions in which the thera- 
peutic use of epinephrine is indicated seem 
to be fairly well established, the indications 
for the use of norepinephrine are in some 
respects controversial. 

In the previous section some of the prin- 
cipal actions of norepinephrine, especially 
on the cardiovascular system, have been 
briefly enumerated. From these accounts it 
seems reasonably well founded that nor- 
epinephrine is an effective agent in improv- 
ing the activity of the heart, and, by con- 
comitant peripheral vasoconstriction when 
the sympathetic activity is diminished, in 
raising the blood pressure. 

One might then ask in which cases of 
hypotension is a beneficial effect of nor- 
epinephrine to be expected? Favorable re- 
sults have been reported from the treatment 
of hypotension occurring after various drugs 
and poisons, including ganglionic blocking 
agents, reserpine, barbiturates, choline es- 
ters, spinal anesthesia, and vagal syncope. 
This is not surprising since in these cases 
the failing vasomotor and cardiac nerve ac- 
tivity can be substituted by the natural 
substance, norepinephrine. 

Less clear is the effect of norepinephrine 
in hemorrhagic or oligemic shock. In these 
conditions, where loss of fluid is the most 
important factor, the organism would be 
expected to respond by strong vasoconstric- 
tion and increased activity of the whole 
sympathoadrenal system. It is therefore of 
interest that Gilmore** has found a signifi- 
cantly increased survival rate in dogs which, 
immediately after severe hemorrhage, re- 
ceived an infusion of norepinephrine dur- 
ing one hour prior to reinfusion of blood. 
This effect is probably not so much one of 
peripheral vasoconstriction but may rather 
depend on an improvement of the force of 
the heartbeat, as suggested by numerous 
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reports from animal experiments.*?:5* *® % 
During the bled state there might be a 
diminished reactivity of the cardiovascular 
system which could be partially compen- 
sated for by norepinephrine. A treatment 
of this kind is obviously of emergency char- 
acter, pending reinfusion of a suitable fluid, 
but might represent a stopgap intervention. 
On the other hand it should be emphasized 
that too large doses of norepinephrine may 
actually prove deleterious in such condi- 
tions.1® 

In many kinds of toxemias and other 
cases where the reactivity of the heart and 
vessels is low, as in prolonged hypoxia and 
asphyxia, the response to norepinephrine 
may be low or virtually absent. This may 
often be the case in severe shock, particu- 
larly when the condition has been of some 
duration. 

When, because of an unsatisfactory re- 
sponse, larger doses of norepinephrine are 
resorted to, it is important to bear in mind 
the phenomenon of postinfusion hypoten- 
sion. For this reason the dose level should 
be kept as low as possible. 

A large body of literature has grown up 
on the therapeutic use of norepinephrine in 
hypotension and shock. This comprises va- 
rious common surgical conditions,?° myo- 
cardial infarct,8* postoperative and infec- 
tious shock and drug poisoning,” 7*® ana- 
phylactic and oligemic shock,®* pulmonary 
embolism,®®? and other conditions. 

Postinfusion effects of epinephrine and 
norepinephrine on blood pressure 
and blood flow. In considering the effect of 
epinephrine and norepinephrine on circu- 
lation it is of importance to bear in mind 
an effect which may, to a greater or smaller 
extent, influence the result of its adminis- 
tration. This is a depressant action on the 
central and ganglionic transmission which 
has been observed in a variety of condi- 
tions. Particularly noteworthy in this re- 
spect are the findings of Swan,*? who 
showed that intravenous infusions of epi- 
nephrine in man cause a secondary dilata- 
tion of the vessels of the normally inner- 
vated hand but not in the limb after sym- 
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pathectomy. He drew the conclusion that 
this secondary dilatation is a result of cen- 
tral depression of vasomotor tone. An effect 
which may be of a similar kind is regularly 
observed upon prolonged intravenous infu- 
sion of epinephrine and, although to a 
lesser degree, also by norepinephrine. After 
the end of infusion there is sometimes a 
sharp drop in the blood pressure which 
may last for as long as one hour and which 
is accompanied, in animal experiments, by 
a marked reduction in blood flow through 
the hind part.*? This effect is increasingly 
apparent with increase in dose and is well 
known to many clinicians who have used 
high infusion rates of catecholamines in at- 
tempts to maintain a falling blood pressure 
in man. Although it may be possible even 
during prolonged periods to maintain blood 
pressure in this way, there is a critical pe- 
riod when the infusion rate is diminished 
or stopped and the central vasomotor tone 
is more or less lacking. 

Recently Lever, Mowbray, and Peart*® 
have studied the postinfusion drop in blood 
pressure in man and found that after an in- 
fusion of norepinephrine for 1 to 2 hours, 
with a sustained blood pressure of 160 to 
190 mm. Hg, the hypotension lasted for up 
to 2 hours. In 7 hour infusion experiments 
it was noticed that blood pressure declined 
during the first 4 hours and then remained 
steady. This type of infusion was likewise 
followed by a considerable degree of hypo- 
tension. When the skin blood flow was 
measured with a finger calorimeter during 
the infusion, a fall was noticed which was 
further marked during the postinfusion pe- 
riod. The blood flow in the muscles of the 
forearm was initially decreased with infu- 
sion of norepinephrine, whereafter the flow 
increased to a higher level than the original 
and remained high even after the end of 
the infusion. Similar effects have been ob- 
served previously with infusion of epineph- 
rine.”’> Lever, Mowbray, and Peart con- 
clude that the effects may be partly ex- 
plained by the action of a circulating vaso- 
dilator, since the increase in flow was not 
affected by section of the vasomotor nerves. 


Epinephrine and norepinephrine 71 


This does not exclude, however, the pos- 
sibility that norepinephrine like epineph- 
rine, depresses the vasomotor center and 
the peripheral synapses engaged in the im- 
pulse transmission. 

Conditions during which epinephrine and 
norepinephrine have reduced action on 
the circulatory system. It has been noted 
by many investigators that during hypoxia 
blood pressure falls and resumes its pre- 
vious level, or even a higher one, on ade- 
quate admission of oxygen. This effect sug- 
gests that the heart and vessels do not re- 
spond to the pressor influences during the 
hypoxic state. Surtshin, Rodbard, and 
Katz*® studied this phenomenon and were 
able to demonstrate that injections of epi- 
nephrine had a reduced or no pressor ef- 
fect during hypoxia in the dog. Similar ob- 
servations have been made for norepineph- 
rine? with control of blood flow. These re- 
sults may be of considerable significance, 
as pointed out by the authors, for the treat- 
ment of circulatory disturbances with epi- 
nephrine and norepinephrine in man. 

Like anoxia, hypercarbia greatly lowers 
not only the activity but also the reactivity 
of the heart and vessels to chemical stim- 
uli including the neurotransmitter norepi- 
nephrine.** It would be of interest to study 
the reactivity of the heart and vessels under 
hypercarbia at normal pH since Nahas*! 
has shown that there is no stimulant ac- 
tion of carbon dioxide on the catechola- 
mine-releasing mechanism if pH is main- 
tained constant at apnea under oxygen, al- 
though carbon dioxide tension may attain 
80 mm. Hg. 

These conditions, during which epineph- 
rine and norepinephrine have been shown 
experimentally to have a sometimes greatly 
reduced action, have their counterpart in 
the clinical experience with epinephrine 
and norepinephrine treatment in circula- 
tory shock. Depending on the severity of 
the shock the pressor amines are often 
more or less ineffective, a phenomenon 
which has given rise to much discussion 
and has not always been properly under- 
stood. The obvious consequence of this un- 
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happy lack of action is the necessity of in- 
stituting appropriate treatment before the 
loss of reactivity is irreversibly manifest. 

Conditions during which epinephrine and 
norepinephrine have increased action on 
the circulatory apparatus. In their pioneer 
study of the effect of norepinephrine on va- 
rious circulatory parameters Goldenberg 
and his co-workers*® noticed that norepi- 
nephrine appeared to exert a stronger ac- 
tion on the blood pressure of hypertensive 
patients than of normal subjects. A strict 
comparison of the effects is not possible, 
since the base line of pressure is different 
and there is no way to decide whether the 
effect should be read in percentage increase 
or absolute increase in pressure. At any 
rate it was observed that even small doses 
of norepinephrine raised the pressure more 
(in millimeters of mercury ) in hypertensive 
than in normotensive subjects. Similar ob- 
servations have been made by Birke and 
co-workers® and others. 

Certain adrenocortical hormones have 
themselves an ability to increase vascular 
tone and even produce hypertension. It is 
therefore not surprising that increased pres- 
sor activity of the catecholamines has been 
noticed after pretreatment with adrenocor- 
tical hormones, particularly DOCA,™ while 
the effects are reduced after adrenalectomy 
and in hypocorticalism in man.”5 

An increased pressor response to norepi- 
nephrine has been observed in normoten- 
sive*® and in hypertensive patients given 
hexamethonium.’*?! The renal vascular bed 
does not regularly participate in this en- 
hanced pressor response. 

The stronger effects of catecholamines 
after cocaine or hexamethonium have not 
been fully explained. It may be recalled, 
however, that any condition causing a de- 
pletion of the peripheral norepinephrine 
stores, such as denervation, or treatment 
with reserpine, is accompanied by an in- 
creased sensitivity or reactivity of the re- 
ceptor mechanism toward catecholamines. 
It is possible that the blocking of impulses 
to postsynaptic adrenergic nerves by hexa- 
methonium has a similar effect. 
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An interesting difference between hyper- 
tensive and normotensive subjects in the re- 
sponse of heart rate to small intravenous 
doses of norepinephrine has been noted by 
Judson and associates.** They found that 
while norepinephrine regularly decreases 
the heart rate in normotensive individuals 
by inducing a vagus reflex, no change was 
observed in hypertensive patients. After 
thoracolumbar sympathectomy, however, 
the normal response returned. The failing 
response may be explained by the assump- 
tion that in hypertension the homeostatic 
cardiovascular reflex mechanisms are al- 
ready largely engaged, resulting in inhibi- 
tion of the adrenergic nerve impulse out- 
flow. A support for this hypothesis is found 
in the diminished urinary excretion of cate- 
cholamines in hypertensive patients,® 
which, incidentally, seems to rule out nor- 
epinephrine or increased adrenergic nerve 
activity as chief factor in essential hyper- 
tension. 

Hyperreactivity of the nailfold terminal 
vascular loops to circulating epinephrine 
and norepinephrine was observed by Greis- 
man***9 in hypertensive patients. Of con- 
siderable interest also is the more recent 
finding of the same author*® that the reac- 
tivity of the nailfold capillary bed to nor- 
epinephrine is significantly increased dur- 
ing infusion of angiotonin into subjects with 
normal cardiovascular systems. The impor- 
tant conclusion is drawn from these obser- 
vations that angiotonin, unlike norepineph- 
rine, possesses the properties required of 
the hypothetical humoral pressor substance 
of essential hypertension as regards effects 
upon the nailfold capillary bed. 


Catecholamine production and 
release in man measured by plasma 
levels and urinary excretion 


In view of the manifold actions of the 
catecholamines it is often of interest to ob- 
tain a measure of their levels in blood or 
the total release over a period of time. At- 
tempts to measure the release from the su- 
prarenal gland in man have been made by 
introducing a catheter into the right ad- 
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renal vein and to analyze the blood in the 
samples obtained.® A similar technique has 
been suggested by Strém** in order to lo- 
cate pheochrome cell tumors. 

The methods most extensively used for 
estimation of production and release of epi- 
nephrine and norepinephrine have been 
determination of the concentration level in 
the blood and the excretion in urine. 

Plasma. No attempts will be made in the 
present article to discriminate between the 
different fluorimetric methods used for 
blood or plasma catecholamine estimations, 
but the reader is referred to the papers by 
Weil-Malherbe and Bone,” Price and 
Price,“° Cohen and Goldenberg,'* Garcia 
and Wallace,*! and Vendsalu.®! An exten- 
sive account of the problem is given in a 
recent monograph by Manger, Wakim, and 
Bollman.© 

There are reasons to believe that both 
methods (trihydroxyindole and ethylenedi- 
amine condensation methods) give a rela- 
tive measure of the catecholamine levels in 
plasma, as shown by the variations ob- 
served in conditions known to be accom- 
panied by typical changes in the epineph- 
rine and norepinephrine content of plasma. 
The absolute levels are more open to doubt, 
however, depending on the specificity of 
the method. This is probably of highest 
concern as regards the “resting” level. 

In using any of the methods for norepi- 
nephrine estimations in blood as a measure 
of catecholamine release, one has to con- 
sider some facts which are relevant from a 
theoretical point of view. 

It is generally agreed that the suprarenal 
gland as well as the adrenergic nerves con- 
tinuously release epinephrine and norepi- 
nephrine in amounts which are very small 
during rest, particularly in recumbent sub- 
jects. The release is proved by the continu- 
ous excretion in urine. Any norepinephrine 
level in blood will of course depend on the 
amounts released into the blood from the 
suprarenals and from the adrenergic nerves 
activated and there is, so far, no relia- 
ble means of differentiating between them. 
On the other hand it is known that the 
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greater part of epinephrine is released from 
the suprarenals. Of the amounts released, 
only a part will be found in the peripheral 
venous or arterial blood, however, since it 
has to pass through one or two capillary 
systems involving unknown loss. The nor- 
epinephrine level in peripheral venous 
blood represents the sum of the norepi- 
nephrine coming from the arterial blood 
and the amount released in the vascular re- 
gion contributory to the vein from which 
the blood sample was drawn. Obviously this 
release, and thus the level of norepinephrine 
in the blood, can vary with the position of 
the body, the blood flow, and the tem- 
perature of the region in question and 
other local factors which may be of second- 
ary interest only. In measuring the arterio- 
venous difference in catecholamines it is 
possible to obtain a minimum figure of the 
“overflow” from the adrenergic nerves in 
the region and the influence of various fac- 
tors upon this. Negative arteriovenous dif- 
ferences were first observed by Weil-Mal- 
herbe and Bone®* and have been verified 
by several authors. 

Again, arterial blood catecholamine lev- 
els give essentially the balance between the 
mean concentration from the different pe- 
ripheral release areas and the disappear- 
ance rate in the pulmonary system. 

It should be noted that plasma levels will 
practically always be so small that pharma- 
cologic actions will be of hardly any sig- 
nificance. 

From what has been said it is reasonable 
to assume that there will be some relation- 
ship between the total release and the ar- 
terial catecholamine level, but that periph- 
eral venous blood of any single region will 
be unsuitable for information on the cate- 
cholamine production except for that par- 
ticular region. 

Urine. As to the catecholamine excretion 
in urine, this in all likelihood bears a re- 
lationship to the arterial plasma level. By 
measuring the excretion over a definite pe- 
riod of time an integration of the output 
will be achieved which gives a relative 
measure of the production. 
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The amount excreted in urine is small, 
only a few per cent of the total amount in- 


troduced into the circulation, but seems to’ 


be a fairly constant fraction. It has been 
suggested that other inactivation products 
such as metanephrine and normetaneph- 
rine (the 3-methoxy metabolites of epi- 
nephrine and norepinephrine) would be 
more suitable as basis for an estimation 
since they appear in urine in larger amounts 
than the free amines. This is of course 
based on the assumption that the 3-meth- 
oxy-derivatives bear at least as constant a 
relationship to the total amounts released 
as the free amines. No data are available 
on this point, however. One other factor of 
practical importance is the ease with which 
the urinary free catecholamines can be 
quantitatively assayed.*4 

Diagnostic value of urinary catechola- 
mine estimation. The estimation of urinary 
catecholamine output as a means of diag- 
nosing pheochrome cell tumors was intro- 
duced several years ago.”® It has since been 
used extensively as a simple and reliable 
method for this purpose. Epinephrine or 
norepinephrine figures near and above 100 
»g per 24 hours for the free amines are 
strongly indicative of such a tumor in con- 
nection with hypertension, especially in 
younger individuals.®° In cases of the par- 
oxysmal type, with normal blood pressure 
between the attacks, increased figures may 
be found only in urine collected during and 
after such periods. 

The diagnostic value of increased cate- 
cholamine excretion is accentuated by the 
fact that in essential hypertension the fig- 
ures are, as a rule, lower than normal.® 

In postural hypotension the urinary ex- 
cretion figures are lower than normal, in- 
dicating defective functioning of the vaso- 
motor system,®! a situation which has an 
analogy in subjects receiving ganglionic 
blocking agents.*® 

Increased excretion of epinephrine has 
been observed in mental stress*® and typi- 
cally accompanies maniacal behavior.® 

Only in one other condition have epi- 
nephrine and norepinephrine excretion fig- 
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ures been found in the same range as in 
chromaffin cell tumors, namely, in burns. 
Goodall, Stone, and Haynes** and Birke 
and associates!® have reported very high 
excretion figures and also have pointed out 
the possible prognostic value of the trend 
of the excretion figures. 

The simple technique of fluorimetric es- 
timation of urinary catecholamines appears 
at present to be the most suitable method 
for obtaining information on the catechol 
release in many clinical conditions and may 
be complemented by plasma determina- 
tions on special occasions, especially in lo- 
calizing pheochrome cell tumors. 


Catecholamines in pathologic 
conditions 


Surprisingly large quantities of catechol- 
amines can be tolerated over a long time, as 
demonstrated in many cases of pheochrome 
cell tumors, where the daily secretion from 
the tumor has been estimated as high as 100 
to 200 mg. as against the normal total se- 
cretion from the suprarenal gland of less 
than 1 mg. Since these conditions can last 
over years it is not likely that either the 
amines as such or their inactivation prod- 
ucts readily cause serious damage to the 
organism. Such effects might be expected to 
occur first in the cardiovascular system. 
This is possibly of interest since it has been 
claimed that accumulation of catechola- 
mines in the heart may contribute to car- 
diac damage and atherogenesis.“® There is 
evidence in animal experiments that admin- 
istration of large doses of catecholamines, 
particularly epinephrine, can cause such 
damage, but it is still uncertain whether 
increased release has similar effects in man. 

In a recent symposium in Burlington, 
Vermont, some problems related to the 
catecholamines in cardiovascular disease 
have been extensively considered and their 
potentially pathogenic properties and prom- 
inent role in the origin of functional and 
degenerative cardiovascular diseases em- 
phasized. 

A survey of local and systemic pathologic 
changes after epinephrine and norepineph- 





Volume 1 
Number 1 


rine administration has recently appeared.*® 

The statement that 2 hours after the ad- 
ministration of adrenaline large amounts 
of the amine were found in the heart and 
spleen, to indicate that these tissues not 
only accumulate the hormone, but also re- 
tain it for long periods of time,” apparently 
refers to very large doses. It was found in 
the cat? that a dose as high as 5,000 pg 
did not cause any increase in the catechola- 
mine content of the tissue. Bing and Kako 
found that addition of very small amounts 
of norepinephrine or dopamine to the fluid 
perfusing the heart-lung preparation in- 
creased the efficiency of the heart, while 
large quantities were conducive to heart 
failure. Dury and Werthessen** found a de- 
creased biosynthesis of cholesterol in the 
aorta following epinephrine. Maling and 
Highman® concluded from their experi- 
ments that it was unlikely that the norepi- 
nephrine in the heart had a significant role 
in the production of spontaneous ventricu- 
lar arrythmias and the prolonged ventricu- 
lar hypersensitivity after coronary ligation. 

From the data available at present it 
emerges that very large quantities of epi- 
nephrine and possibly norepinephrine may 
be deleterious to cardiovascular function. 
These amounts will, however, hardly be 
of psychological relevance, and should, if 
possible, be avoided when catecholamines 
are used for therapeutic purposes. 
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This feeling, that we are always on the verge of some great clarification is, I believe, 

a powerful element in the fascination which this problem of tive relation between 
action and constitution has exercised on many minds. We have plenty of 

stimulating suggestions and seductive analogies—half-lights and elusive hints. Progress 
towards real clarity of conception can only come from the continuous cooperation 

and intercourse between the workers in all the different departments of 

scientific inquiry with which the problem makes contact. Particularly, I think, 

is it necessary to realize that the core of the problem is physiological . . . . We need 
all the help that organic and physical chemistry can give, but the initiative and the 
guiding influence in the inquiry must come at least as much from the 

physiological side. Under such conditions I believe the quest is well worthy 

of an eager pursuit. It is not merely a question of finding a scientific basis for the 
production of more and better therapeutic agents than those which are yet 

available. There is a whole group of physiological and pathological problems here 
closely knit together, and, from whatever quarter the light comes, it 


cannot fail to illuminate the whole field. 


FROM “CHEMICAL STRUCTURE AND PHYSIOLOGICAL ACTION,” BY H. H. DALE 
BULLETIN OF JOHNS HOPKINS HOSPITAL, 31:373-380, ocroBER, 1920. 





Newer drugs in amebiasis 


Amebiasis, a systemic disease due to Endamoeba histolytica, is not confined to the 


tropics. Its incidence reflects the sanitary level of the environment. 


In the colon, associated bacteria are believed to play a role in its pathogenesis, but not in the 


liver and other extraintestinal tissues. Realistically, the therapeutic regime depends upon the 


‘site of amebic invasion, and whether or not associated organisms are believed to be 


contributory to the disease complex. “Specific” amebicides are available, capable of clearing 


the majority of cases, i.e., of chronic amebiasis as seen in the United States. In a minority, 


however, recurrence of infection, due to amebae with or without associated bacteria, is 


persistent. To combat recurrence, especially in environments of high endemicity, 


personal and community hygiene is mandatory. 


Newer drug types currently under trial are: glycobiarsol, N.F.; representative dichloracetamides, 


of which Mebinol is ‘an example; certain phenanthrolines, such as Entobex; diamino 


derivatives, such as MA-307; and paromomycin (Humatin), an antibiotic. Suppressive 


therapy and adequate hygienic precautions provide a more enlightened approach 


to the control of amebiasis. No one therapeutic agent, or combination, 


is indicated universally in combating this disease. 


Hamilton H. Anderson, M.D. San Francisco, Calif. 
Department of Pharmacology and Experimental Therapeutics, 
School of Medicine, University of California, San Francisco 


Amebiasis, a systemic disease due to 
Endamoeba histolytica, is by no means con- 
fined to the tropics. It is prevalent in the 
environment, regardless of latitude, where 
personal, community, or institutional hy- 
giene is not adequately controlled. Thus, 
one sees in the United States a high inci- 
dence of chronic or “carrier” amebiasis in 
institutions for the mentally ill, or in com- 
munities where adequate sanitation is not 
maintained. Like typhoid fever in past dec- 
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ades, amebiasis now reflects directly on the 
sanitation level of the area. 

Oftentimes remote areas, particularly in 
the tropics, may have high levels of infec- 
tion but, with improved sanitation, as in 
the canal zone of Panama, the incidence 
does not differ appreciably from that noted 
in southern parts of the United States. On 
the other hand, amebiasis was first described 
in St. Petersburg in 1875 by Lésch, and cur- 
rently there is reported to be a high inci- 
dence in Siberia. 

Since amebiasis constitutes a pathologic 
state with diffuse invasion of the mucosa of 
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the large bowel, accompanied by tissue 
lysis, there is little evidence of an inflam- 
matory reaction. The tissue most frequently 
invaded beyond the bowel is the liver, 
where abscess formation may occur with- 
out bacterial involvement. But in the lumen 
of the bowel, on the other hand, the bac- 
terial flora may influence the invasive pro- 
pensity of the ameba. Again, in the tissue 
phase of amebiasis only the trophozoites are 
found, whereas in the lumen of the colon 
either cysts (in chronic or “carrier” states ) 
or trophozoites in acute dysentery may 
occur. Thus, one finds the therapeutic prob- 
lem rather complex, depending on the site 
of invasion, presence or absence of asso- 
ciated crganisms, as well as cystic and tro- 
phic forms to be combated. One does not 
wonder that there is no single agent avail- 
able which is completely effective in the 
hands of experienced investigators working 
in various clinics of the world. 

To emphasize this point from the thera- 
peutic aspect, we may cite evidence of the 
action, oftentimes dramatic, of emetine in 
hepatic amebiasis, including abscess forma- 
tion. Contrariwise, the bowel harboring E. 
histolytica is cleared in only about one-third 
of cases. Chloroquine has a similar action on 
amebae in the liver, and not in the bowel. 
On the other hand, we have agents like 
fumagillin and the tetracyclines, notably 
Terramycin, which may clear the bowel of 
ameba but not act on the same organisms 
residing in the liver. Anderson? and others 
have reported the development of hepatic 
amebiasis during the course of therapy with 
either of these two antibiotics. 

Further, to evaluate the role of associated 
bacteria and their participation in the eti- 
ology of intestinal amebiasis, Phillips and 
Wolfe* have obtained results which provide 
additional evidence. They believe that 
“some unidentified factor or factors con- 
tributed by bacteria seemed to be essential 
for the maintenance of E. histolytica in the 


‘intestine and, possibly, to the pathogenesis 


of amoebic disease.” Adams* came to a sim- 
ilar conclusion in 1943, based on his clini- 
cal experience with intestinal disease and 
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its response to therapy. Thus, we are faced 
with the impression that amebae with their 
associated bacteria in the colon present an 
entirely different therapeutic problem from 
that encountered when amebae, without as- 
sociated bacteria, invade hepatic tissue. Re- 
alistically, we should develop any thera- 
peutic regime on this premise, clearing the 
initial focus in the bowel, and then com- 
bating amebae in the liver or other invaded 
tissues, after evidence of such invasion is 
manifest. Blanket or “combined therapy” 
for liver involvement is difficult to justify in 
the United States. 


Thus, it is difficult to define an ideal ame- 
bicide, which will combat amebae under 
different conditions of growth, in people 
residing in various parts of the world who 
respond differently to E. histolytica. Cer- 
tainly, peroral administration is desirable, 
effectiveness against trophozoites and cysts 
in the bowel required, as well as adequate 
absorption to combat systemic disease such 
as liver involvement when it occurs. While 
such a regime with an “ideal” agent will 
undoubtedly clear the acutely ill or chron- 
ically infected patient of E. histolytica, 
there is the problem of suppression of dis- 
ease in those continually or intermittently 
exposed to “cyst passers.” For such sup- 
pressive therapy, one should have an agent 
which is cyst destroying, and yet not ab- 
sorbed to a degree which would endanger 
the host should daily use over months or 
years be required. 

Finally, before we discuss specific agents 
against amebiasis, one should define diag- 
nostic criteria generally agreed upon as nec- 
essary. Too often, in patients who have 
once had a diagnosis of harboring E. his- 
tolytica, the treatment is carried far beyond 
reasonable limits, and is repeated by every 
subsequent physician who may believe the 
symptom complex relates to the ameba. 
First, one should be certain that the patient 
has E. histoiytica, which can best be dem- 
onstrated in iron-hematoxylin-stained fecal 
specimens. A series of six, taken at daily in- 
tervals, if not positive, should be followed 
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by proctoscopy and scrapings of the bowel 
wall which may reveal the amebae. 

Sigmoidoscopic examination should dis- 
close some evidence of ulceration in ap- 
proximately half of the patients infected. 
A barium enema and radiologic examina- 
tion often reveal defects higher in the 
bowel, notably in the cecal area. Symptoms 
alone are not adequate reasons for anti- 
amebic therapy. 

Once the diagnosis is established and the 
appropriate therapy used, then adequate 
follow-up is mandatory. Within a few 
weeks of completion of therapy, sigmoido- 
scopic examination should be repeated. 
Specimens of feces, from three to six at 
daily intervals, if found to be negative, to- 
gether with a cleared mucous membrane 
of the large bowel, are considered a satis- 
factory response. At 3 to 6 month intervals 
the examination of the bowel and of the se- 
ries of stools should be repeated. Arbitrar- 
ily, at 6 months, with no recurrence of 
symptoms or signs of the disease, no fur- 
ther therapy is warranted. For the diag- 
nosis of hepatic involvement, the procedure 
is based largely on clinical acumen and fa- 
miliarity with the disease. One should con- 
sult the reports of Wilmot and his co-work- 
ers’ in 1951 and later for procedures em- 
ployed. The demonstration of E. histolytica 
need not be required in extraintestinal dis- 
ease. 


Choice of current therapy 


While there are still some who favor 
combined therapy with the inclusion of po- 
tentially toxic agents, such as use of eme- 
tine in chronic amebiasis,® it is believed 
desirable to avoid mixed, “shotgun”’ re- 
gimes over protracted periods. Especially 
is this true in the majority of patients with 
amebiasis in this country, i. e., the chronic 
“cyst-passer,” with or without symptoms or 
signs of disease. It is very easy to overtreat 
these individuals, in the belief that a va- 
riety of drugs given at one time insures 
against recurrence of the disease. There is 
no series of comparative studies in man 
which support this point of view. Rather, 
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one should select the agent most likely to 
be effective, and then proceed in steplike 
fashion to other chemical types, on the basis 
of demonstration of E. histolytica in addi- 
tion to relevant signs and symptoms of dis- 
ease, until eradication is accomplished. 

There is a plethora of amebicides cur- 
rently in use, of which the following are 
perhaps the best examples. Other therapeu- 
tic equivalents could be included, but offer 
little or no advantage over these against 
intestinal amebiasis: 

1. Carbarsone, U.S.P. (or Thiocarbar- 
sone* ) 

2. Iodochlorhydroxyquin (Vioform), 
N.F. 

3. Fumagillin, N.N.D. 

4. Erythromycin, U.S.P. 

5. Tetracyclines or bacitracin, U.S.P. 

Against hepatic amebiasis, chloroquine 
phosphate, U.S.P., has largely replaced em- 
etine. Only when recurrence of infection 
takes place (25 per cent of cases®) is one 
justified in using emetine in nonambulatory 
patients. 

Each of these orally acceptable agents is 
capable of acting systemically, except fu- 
magillin and bacitracin, which are absorbed 
in minimal amounts. On absorption one 
should be concerned about arsenic and its 
effect in concurrent liver and kidney dis- 
ease, when carbarsone is used. Likewise, 
in the use of Vioform, the iodine content 
(41.54 per cent) and chlorine (11.61 per 
cent) may contribute to hepatic damage 
when the drug is used in excessive amounts. 
It is noteworthy, however, that outside the 
United States this agent is used freely by 
laymen oftentimes without supervision, and 
yet is seldom, if ever, incriminated in re- 
ports of toxicity. 

Fumagillin is unique among the amebi- 
cides in current use in that its activity in 
vitro and in laboratory infected animals ex- 
ceeds that of all others, including emetine. 
Further, among the antibiotics, it has no 
demonstrable antibacterial activity. Despite 
these qualifications it has not proved to be 


*This is a more toxic thioarsenite (trivalent) analog of 
carbarsone, which is available commercially.” 
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more effective than other antibacterial anti- 
biotics, such as the tetracyclines, which in 
turn have little direct action against the 
ameba that can be demonstrated in the lab- 
oratory. In addition, when either is used in 
excessive amounts, untoward effects may 
occur. Therefore, fumagillin should be con- 
sidered when other agents have failed to 
clear the intestine of amebae, and it is in- 
dicated in those cases where associated bac- 
terial flora does not play an important role. 

Of the antibacterial antibiotics of dem- 
onstrated effectiveness in intestinal amebi- 
asis, erythromycin may be preferred. Two 
reasons for this are its inherent safety and 
absorption and its apparent value in com- 
bating or preventing hepatic disease.’ An 
equally important aspect is its usefulness in 
patients who have extensive ulceration of 
the large bowel, due presumably to the part 
played by associated bacteria. Therefore, 
one may turn to the use of erythromycin 
(or one of its numerous relatives under their 
protected names), when bacteria are 
thought to provide a significant feature of 
the patient’s disease complex. 

The tetracyclines, notably Aureomycin 
and Terramycin, have been extensively ex- 
ploited as “specifics” in amebiasis. They do 
little more than alter the bacterial flora, 
however, providing an adversely favorable 
medium within the lumen of the bowel for 
the growth of E. histolytica. In patients fol- 
lowed over a period of months, it has been 
noted that gradual return of the flora to the 
pretreatment level parallels return of the 
ameba, and relapses are frequent following 
such nonspecific therapy.® 

Bacitracin, with its penicillin-like spec- 
trum of activity in the bowel, has been pro- 
posed, in combination with a direct-acting 
amebicide (carbarsone), and used with some 
success. The reasons for its activity, which is 
nonspecific and essentially antibacterial, are 
similar to those cited for the tetracyclines. 

Thus, in re-evaluation of the use of ac- 


‘cepted amebicides one should decide on 


the basis of need as exhibited by the pa- 
tient the following: (1) Is the disease com; 
plex caused by amebae in the colon con; 
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fined to this area, and accompanied by ul- 
ceration and evidence of tissue invasion? 
If so, then a locally acting absorbable ame- 
bicide is indicated. (2) Is the disease com- 
plicated by associated microorganisms, in 
part responsible for the signs and symp- 
toms? If so, then not only a direct-acting 
amebicide, but an essentially antibacterial 
agent is indicated as well. (3) Finally, is 
the ameba causing tissue damage beyond 
the bowel? If so, then one turns to other 
agents. 

As a footnote of caution we must recog- 
nize the potential toxicity of carbarsone, 
one of the safest arsenicals now employed 
in therapy of amebiasis. Radke and Bar- 
oody’® have reviewed the literature, and 
report 45 cases up to 1957 encountered in 
1,500 patients treated by them. Fever, epi- 
gastric burning, abdominal pain, diarrhea, 
nausea and vomiting were most frequently 
noted. Withdrawal of the drug and, in some, 
use of BAL (dimercaptopropanol ) were ef- 
fective. Exfoliative dermatitis developed in 
3, in 5 there was central nervous system in 
volvement, and in one liver damage was 
noted as well. In another unreported series, 
where carbarsone was used in mass pro- 
phylaxis without adequate medical super- 
vision, encephalopathy was encountered, 
and unexplained deaths noted.* While car- 
barsone is still regarded as a safe drug 
under medical supervision it should not be 
used promiscuously. 


Newer drugs under study 


Among the many drugs of natural origin 
and newer chemical derivatives currently 
under study,t the following have appeared 
to warrant some continued use in experi- 
mental therapy: 

Glycobiarsol (Milibis), N.F. This agent 
contains 15 per cent arsenic and 42 per cent 
bismuth. 

Mantomide [N-(2,4-dichlorobenzyl, N- 
2-hydroxyethy] )-dichloroacetamide]; Enta- 


*Nelson, T. L.: Personal communication. 

fElslager, E. F.: Review on Anti-amebic Agents. In 
Burger, Alfred: Medicinal Chemistry, New York, Inter- 
science Publishers, Inc. In press. 
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mide [dichloroacet-4-hydroxy-N-methylan- 
‘ilide]; and Mebinol [N-(8-oxyethy]) ] 
N-[p-phenoxy-(4 nitro benzyl) dichloroace- 
tamide]. 

Entobex (11,925-C-Ciba) [5,6-quinone, 
4,7-phenanthroline]. 

MA-307 [N,N’-dipiperonyl-5,11-diamino- 
pentadecane-2 HCl}. 

Paromomycin (Humatin), an antibiotic. 

Glycobiarsol, N.F. This agent has had ex- 
tensive trials during the past 5 years, usu- 
ally in combination with other agents. 
Since it contains arsenic, there is some con- 
cern regarding possible toxicity. However, 
less than 2 per cent arsenic can be ac- 
counted for in distribution and excretion 
studies. Nevertheless, encephalopathy has 
been observed.1!* Because of these possibil- 
ities, chronic therapy with this or other 
“suppressive” agents against cyst-passers in 
amebiasis is restricted to periods of one 
month or less. The low solubility and poor 
absorption (according to N.N.D.) limit the 
usefulness of glycobiarsol to the prevalent 
intestinal form of the disease. 

In more recent controlled studies in 
Chile, Silva and associates,!* after treating 
93 patients with chronic intestinal amebi- 
asis with tetracycline or chloroquine plus 
bismuth glycolylarsanilate (glycobiarsol), 
found that only 38 individuals remained 
negative for E. histolytica. They conclude, 
rightly, that reinfection plays an important 
role in this disease; so failure cannot be at- 
tributed solely to drugs. In this report, an 
epidemiologic survey showed gross care- 
lessness in personal hygiene and poor home 
sanitation, particularly in those patients 
who exhibited recurrent infections. 

Mass therapy in the United States, with 
attempts to control amebiasis in mental and 
other institutions, has met with indifferent 
success. Despite earlier reports to the con- 
trary,’ Brooke and associates® in 1958 
found “the effectiveness of therapy ap- 
peared to be related to the prevalence rate 
of E. histolytica . . . and to the general level 
of personal hygiene of the patients.” No sig- 


®Nelson, T. L.: Personal communication. 


Clinical Pharmacology 
and Therapeutics 


nificant differences were found between car- 
barsone, iodochlorhydroxyquin, oxytetracy- 
cline, and a combination of oxytetracycline 
and carbarsone. The incidence of infection 
rose to one-half of the pretreatment level 
by the end of 6 months. They cite the -expe- 
rience of Berberian and co-workers! who 
reported, after mass therapy with bismuth 
glycolylarsanilate (glycobiarsol) and chloro- 
quine phosphate administered weekly, a 
reduction in infection rate of E. histolytica 
(in another institution) to 25 per cent. Daily 
administration to another group reduced 
the rate to 10 per cent of pretreatment 
levels. 

Current studies, as yet unreported,* in an 
institution for mental defectives, suggest 
immediate reduction of the prevalence rate 
to from 60 to 80 per cent of the former level, 
with the use of glycobiarsol and chloro- 
quine. Improvement in sanitary facilities, 
including instruction to attending person- 
nel in sanitary techniques, and controls 
were carried forward simultaneously. All 
food handlers were treated prophylactically. 
In some wards, where patients proved to be 
refractory to therapy, other agents such as 
iodochlorhydroxyquin (Vioform) were re- 
quired. It is believed that the drugs used 
in addition to controlled sanitation have re- 
duced the incidence of the disease to lower 
levels than those encountered in patients 
being admitted from outside the institution. 

Not only institutionalized patients in this 
country, but people traveling overseas in 
highly endemic areas are in need of appro- 
priate prophylactic (or suppressive) ther- 
apy. In 1958 the recommendation was re- 
emphasized’® that glycobiarsol (Milibis) 
should not be used for longer than one 
month. Other agents, notably iodochlorhy- 
droxyquin, have been reported by Mc- 
Phee'* to be useful in 361 subjects attached 
to the United States team during Pan-Amer- 
ican games in Mexico City in 1955. Among 
this treated group there were 49 men who 
developed enteritis, 3 cases of which were 
sufficiently severe to warrant bed rest. Fif- 


®Nelson, T. L.: Personal communication. 
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teen women developed diarrhea. No bloody 
stools were noted in either of these groups. 
It was believed that the incidence of en- 
teric infections was much less in those tak- 
ing Vioform. 

A contrary opinion on “Diarrhea of Trav- 
elers,” without relating such diarrhea to 
the presence of E. histolytica, has been ex- 
pressed by Kean and Waters.’* Again in 
Mexico City, North ..merican students were 
the subjects treated. No effort was made to 
start prophylaxis before or immediately 
upon arrival. Yet the authors conclude that, 
after a period of 2 weeks’ therapy, diarrhea 
occurred in 38.6 per cent of those who took 
iodochlorhydroxyquin, in 20.1 per cent of 
those who took neomycin, and in 33.6 per 
cent of those who took a placebo. The rele- 
vance of this study to suppression of amebi- 
asis was not established. 

Dichloro-derivatives. Because of uncer- 
tainty as to the efficacy of currently avail- 
able agents, particularly for use in chronic 
(cyst-passer ) amebiasis and in suppression 
of the disease in highly endemic environ- 
ments, newer chemical types are currently 
under study. Among these, certain dichloro- 
derivatives are of more widespread inter- 
est, especially outside the United States. 

Mantomide. According to Elslager* the 
first compound of this type selected for ex- 
tensive study was Win 5047 (Mantomide). 
In vitro and in some artificially infected an- 
imals it proved to be effective as an amebi- 
cide. It was well tolerated in all species. Al- 
though absorbed, much of the drug under- 
goes metabolic alteration. In man, however, 
it eliminates cysts of E. histolytica in asymp- 
tomatic individuals. It is distinctly less ef- 
fective in symptomatic amebiasis and in he- 
patic amebiasis it has been reported inef- 
fective. Most recently (1959), Donckaster 
and his collaborators'® have reported on 
the use of this agent in 80 cases of chronic 
amebiasis. Three parasitologic control ex- 
aminations were performed every other 
day 10, 30, and 90 days after therapy. Ap- 


®Elslager, E. F.: Review on Anti-amebic Agents. In 
Burger, Alfred: Medicinal Chemistry, New York, Inter- 
science Publishers, Inc. In press. 
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proximately 50 per cent of the patients had 
negative examinations on the tenth and 
ninetieth days. After utilizing various ther- 
apeutic schemes, the authors conclude that 
the use of Pontalin (Mantomide) in the 
treatment of chronic amebiasis is not jus- 
tified. 

Entamide. Entamide (R.D. 3803), a 
trade-named preparation of Boots Pure 
Drug Company of England, is dichloroacet- 
4-hydroxy-N-methylanilide. On clinical 
trial,® Entamide likewise was more effec- 
tive in asymptomatic patients harboring E. 
histolytica than against trophozoites in pa- 
tients who exhibited symptoms of disease. 
The drug is reported to be more active 
against infections in which cysts of the 
large race are present, according to Wood- 
ruff, Bell, and Schofield.'® 

Mebinol. Mebinol [ N-( 8-oxyethy] ) | N-[p- 
phenoxy-(4-nitro benzyl) dichloroaceta- 
mide] is the most recent of the dichloroace- 
tamide derivatives to be exploited clinically. 
de Carneri?® and his collaborators in 1958 
and later have expressed the belief, based 
on in vitro studies and on therapy of arti- 
ficially infected rodents, that this derivative 
may be approximately four times as effec- 
tive as Mantomide in man. When it is used 
in 0.5 Gm. amounts orally thrice daily over 
10 or more days, cyst-passers are rid of E. 
histolytica." The same doses given twice 
weekly are under study by de Carneri and 
others as a suppressive.* Results elsewhere, 
notably in India, reported by Mehta and co- 
workers”! suggest, again, that this agent is 
less active in acute and subacute amebiasis. 
After daily therapy as noted, a one-week 
follow-up revealed a cure rate of 77 per 
cent. No toxic effects were reported. It ap- 
pears at present that Mebinol may become 
the more active of the dichloroacetamides, 
especially in suppressive therapy. 

Entobex. This drug (11,925-C or 5,6-qui- 
none-4,7-phenanthroline) and its semicar- 
bazone relative (11,925-Ciba) have been 
under study in India and elsewhere since 
1955.22 The semicarbazone as well as the 


®de Carneri, Ivo: Personal communication. 
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parent compound were both active in vitro 
and in laboratory infected rats in tolerated 
amounts (50 mg. per kilogram). In man, 
however, 11,925 is less well tolerated than 
Entobex, although the former agent is more 
active in hepatic amebiasis.”*:** Both agents 
provided control of diarrhea in Indian pa- 
tients, and each was shown to be bacterio- 
static against representative gram-negative 
and gram-positive organisms. Chowdhury 
and associates** reported that in oral dose 
range up to 600 mg. per day, compound 
11,925 caused nausea and vomiting in 18 
of 21 cases between the first and fourth 
days of therapy. Entobex, on the other 
hand, was better tolerated, but highly col- 
ored urine appeared in 4 of 40 cases.* 

In the 21 patients given drug 11,925, clini- 
cal “cure” was reported in 12 and symp- 
tomatic relief in 3. In 40 patients given 
11,925-C (Entobex), clinical “cure” was 
achieved in 30 and symptomatic relief in 2. 
Treatment continued daily over from 7 to 
10 days. In 9 cases both drugs were com- 
bined, with clinical “cure” in 5 and sympto- 
matic relief in 2. In the total series were 
18 patients with hepatic manifestations 
which responded favorably, according to 
Indian reports. It would appear that Ento- 
bex (11,925-C) is less active against cysts 
of E. histolytica than against trophozoites. 

Clinical trials have continued in Egypt®® 
with follow-up studies up to 21 days. The 
impression of Nagaty and his co-workers is 
that this drug seems ineffective in amebic 
hepatitis. A longer period of follow-up 
would be required to be certain of the ef- 
fectiveness of Entobex in intestinal amebi- 
asis. Other studies, reported by Belgian au- 
thorst and in Italy?® and in Brazil,?" may 
clarify the ulti ate place of these represen- 
tative phenanthroline compounds in the 
treatment of amebiasis. 

MA-307. A totally different chemical class, 
the diamines, have been studied by Beppler 


*Chatterjee"? reports that in large oral doses in dogs 
vomiting and hematuria occurred. 

+Elslager, E. F.: Review on Anti-amebic Agents. In 
Burger, Alfred: Medicinal Chemistry, New York, Inter- 
science Publishers, Inc. In press. 
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and Schweiger?® and, among these, MA-307 
(N,N’-dipiperony] -5,11-diaminopentadec- 
ane-2 HCl) proved to be active in vitro 
within the range of emetine. This was con- 
firmed in in vitro and in vivo studies of na- 
turally infected macaques and in man. 
While weight loss occurred in 3 of 6 ma- 
caques during therapy, at oral doses of from 
25 to 75 mg. per kilogram, no other unto- 
ward effects were noted except diarrhea 
during the first 5 days of the 10 day course. 
No impairment of function was noted in 
clinical-laboratory studies.”® 

Initially, in man, oral doses of from 1 to 
6 mg. per kilogram daily were given over 
5 days to 33 patients who harbored the 
cysts of E. histolytica. Nineteen of these pa- 
tients exhibited enlarged livers. During the 
first morith’s follow-up 31 of 33 patients 
were cleared of amebae; during the second, 
25 of 33; and at the end of follow-up (3 
months ) 20 of 33 were negative for E. his- 
tolytica. The liver was reduced in size in 
two-thirds of the cases, and weight gains 
were noted in approximately the same 
number. 

In an extension of this study to more ful- 
minating disease, MA-307 was used in Ban- 
tus suffering from acute intestinal amebi- 
asis. The oral dose was 600 mg. daily over 
10 days, and in some patients (7 of 11) 
emetine in two-thirds the usual dose was 
used as well. Utilizing the criteria of Wil- 
mot, Armstrong, and Elsdon-Dew,' the au- 
thors noted clearance of E. histolytica and 
healing of sigmoid ulcers in 9 of 11 patients 
followed during 27 days in the hospital. A 
comparison between emetine and MA-307 
did not show that the combination resulted 
in more satisfactory response than the use 
of emetine alone in higher dose levels.°° No 
serious side effects were noted. In other 
series of 10 patients given 100 mg. thrice 
daily for 10 days, under less well-controlled 
conditions in the hospital, healed ulcers re- 
sulted and all but 2 patients were cleared 
of E. histolytica when discharged from the 
hospital. 

While no conclusions are warranted from 
published data on MA-307, it would appear 
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possible that in cases which require eme- 
tine hydrochloride beyond the amounts usu- 
ally recommended, MA-307 might be con- 
sidered as a less toxic agent. Its use above, 
however, in acute fulminating African ame- 
biasis was not adequate, in the opinion of 
Wilmot.* 

Paromomycin (Humatin). Among the 
newer antibiotics paromomycin (Humatin), 
which exhibits broad antibacterial activity, 
has been reported in the treatment of ame- 
bic dysentery by Shafei.*! It is said to have 
controlled experimental infections in rats 
and dogs and to have given better results 
than similar doses (6 to 25 mg. per kilo- 
gram daily in dogs) of neomycin. No dam- 
age to kidneys, liver, or bone marrow was 
reported following oral use over 7 weeks in 
dogs. Absorption from the gut is limited. 
Of Shafei’s 20 human patients in Egypt, 8 
had acute symptoms and 12 gave histories 
of recurrent episodes of dysentery. All com- 
plained of diarrhea, blood and mucus, and 
their stools were reported to be positive for 
amebae and/or cysts. Sigmoidoscopy at the 
outset and during 3 months following treat- 
ment was more helpful in follow-up “than 
the clinical picture or stool examination.” 
All received either 10 mg. per kilogram per 
day over 14 days or 20 mg. per kilogram per 
day over 7 days of the antibiotic in cap- 
sules by mouth. Clinically, within 3 to 8 
days diarrhea was controlled, localized ten- 
derness was relieved, and evidence of 
healed intestinal ulceration appeared in 4 
to 10 days. Stools became negative for para- 
sites in from 3 to 7 days. There were 4 fail- 
ures among the first 10 cases treated, and 
3 among the second 10, i.e., a failure rate 
of 7 out of 20. Blood, liver, and kidney func- 
tion tests did not show appreciable changes. 
Side effects were limited to mild gastroen- 
teric distress. While an unreported series by 
Carter (cited by Shafei) indicated success, 
when three stool examinations followed 
therapy, the detailed findings of this and 
other studies currently in progress are not 


*Wilmot, A. J.: Personal communi’ 
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yet available.* Shafei believes the “anti- 
bacterial effect may explain the more favor- 
able results obtained in acute dysentery 
with concomitant bacterial infection when 
paromomycin is used.” 
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The actions and 


uses of anthelmintics 


The recent introduction of piperazine for the treatment of ascariasis and enterobiasis 


and dithiazanine for the treatment of trichuriasis, strongyloidiasis, ascariasis, and 


enterobiasis represent marked advances in helminth chemotherapy. The remarkable efficacy 


of the single-dose treatment of enterobiasis with pyrvinium pamoate is outstanding. There 


are also a number of new, promising compounds which require further critical clinical 


evaluation. Therapy of trichiniasis, clonorchiasis, paragonimiasis, filariasis, and infections 


with the dwarf tapeworm are unsatisfactory and require additional study. Gradually 


the physiology, and especially the metabolic patterns, of helminths are becoming unraveled 


and, in time, we may have a rational approach to helminth chemotherapy. 


Harold W. Brown, M.D. New York, N. Y. 


College of Physicians and Surgeons, Columbia University 


Introduction 


In his world-wide survey of helminth 
parasites of man, Stoll*® came to the star- 
tling conclusion that the number of helmin- 
thic infections in the United States and 
Canada was 44,900,000 and in the world, 
2,257,100,000. The latter number is greater 
than the total population of the world at 
the time of the survey and illustrates the 
principle that wormy people frequently 
harbor several different species of helminths 
at the same time. It is estimated that over 
800,000,000 persons the world over are in- 
fected with helminths. In underdeveloped 
countries, the burden of helminth infection, 
added to that of malnutrition, bacterial, 
protozoal, and viral infections, may be the 
proverbial back-breaking straw. Well-nour- 
ished persons often harbor helminths with- 
out apparent damage and one may question 
the wisdom of treating such infections, es- 
pecially with chemotherapeutic agents with 


toxic qualities. On the other hand, if a safe 
and effective drug is available, treatment 
should be given, until evidence is in hand 
that these helminth infections are bene- 
ficial to man. Although pinworm frequently 
causes man little or no inconvenience, and 
light infections of other worms may go un- 
noticed, schistosomiasis is a debilitating and 
deadly infection, heavy infection with sev- 
eral other helminths may cause very seri- 
ous anemia, and the normal and aberrant 
wanderings of several species may be fatal. 

Stimulated by the tropical campaigns of 
World War II, research workers here and 
abroad have continued to focus their at- 
tention on studies of parasitic diseases. As 
a result of the exteusive chemotherapeutic 
studies, considerable progress has been 
made and a number of new agents have 
been developed. Although safety and effi- 
cacy are prime requisites, cheapness is also 
important, for, in general, the “wormy” are 
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often in the lowest economic group of a 
poor country. Frequently, the whole family 
requires therapy, not only for one species 
of worm, but for several types. Further, 
they will return in several months for treat- 
ment of their reinfection. A liquid, oral 
therapeutic agent is always advantageous, 
for ease in treating children, who bear the 
weight of the world’s worm burden. Intra- 
venous and intramuscular medication has 
great drawbacks, especially if repeated in- 
jections are required. 

It is often difficult to evaluate the reputed 
efficacy of anthelmintics. Frequently, not 
only do dosages vary but, what is equally 
important, the criteria for reduction and 
elimination of the worm burden are dis- 
similar. Pretreatment and _ posttreatment 
laboratory examinations should be stand- 
ardized. Egg counts are of great value and 
add greatly to the picture given by the cure 
rate. The cure rate depends on the refine- 
ment of the technique employed. Recovery 
of worms after therapy is valuable, for it 
confirms quantitative stool examinations for 
eggs and, further, it gives information on 
the condition of the expelled worm. Exam- 
ination of the stool for eggs must be Jone 
sufficiently long after chemotherapy to per- 
mit injured worms to recover their egg- 
laying ability and still not permit sufficient 
time for a reinfection to occur. 

Although many helminths superficially 
resemble each other, they often differ 
markedly in their reaction to chemothera- 
peutic agents, which indicates physiologic 
and biochemical differences. It must be re- 
membered, however, that the habitat of 
the parasite often greatly affects the amount 
of contact the drug or its metabolites may 
have. Worms that are highly susceptible t¢ 
a drug may be protected from its action by 
their habitat far down the intestine or by 
their embedded position in the tissues. 
Maintaining lethal concentrations of drugs 
in tissues, destructive to such parasites as 
Filaria and Schistosoma, is extremely dif- 
ficult, especially if the host is to survive. 

Most of the anthelmintics in use today 
were discovered empirically and, with few 
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exceptions, their mode of action is un- 
known. The early studies of Bruening and 
Trendelenburg suggest that santonin and 
oil of chenopodium cause muscular stimu- 
lation followed by paralysis. Straub found 
aspidium to be fatal to invertebrates in gen- 
eral, as a result of muscular paralysis. While 
it is evident that tapeworms, which have no 
digestive tract, can be affected only through 
their external surface, it is not known in 
the case of other worms whether anthel- 
mintics act after ingestion by the worm or 
after absorption through the body wall.* 
The exact mechanism of action of anthel- 
mintics requires a more complete under- 
standing of helminth physiology than is 
available at present. Extensive metabolic 
studies indicate that enzyme systems of hel- 
minths vary considerably and the careful 
work of Bueding and his colleagues*® indi- 
cates that some anthelmintics are effec- 
tive through their action on the various 
enzymes. 


Enterobiasis, oxyuriasis 


Enterobius vermicularis, pinworm, lives 
its short life of a month or two in the large 
intestine of man. The female is 8 to 12 
mm. in length and the seldom-seen male is 
2to5 mm. in length. Eggs are liberated by 
the gravid female when she migrates to the 
perianal region of the host. Infective eggs, 
after ingestion, develop into gravid female 
worms in 2 to 4 weeks. Throughout the 
world an estimated 208,800,000 persons are 
infected; in the United States and Canada, 
18,000,000 persons. Diagnosis is made by 
microscopic demonstration of Enterobius 
eggs on a cellulose adhesive-tape swab of 
the perianal area of the patient. 

The treatment of an individual harbor- 
ing pinworm is frequently unrewarding if 
other infected members of the household 
are untreated and serve as a source of re- 
infection. It is reeommended, therefore, 
that all members of the household be exam- 
ined by the Scotch-tape swab technique 
and that those infected be treated simul- 
taneously. 
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| Drug of choice. The piperazine salts, cit- 
rate,* phosphate,} or adipate,t are the 
drugs of choice in enterobiasis; they are 
available as a palatable syrup, tablets, or 
wafers to be chewed. 


CH:CH2 
™* 


NH . 6 HO 
iv 
CH.CH, 


Piperazine hexahydrate 


In solution all of these compounds form 
piperazine hexahydrate and dosage is based 
on this compound. Hundreds of piperazine 
compounds have been tested against pin- 
worms in mice but none of them proved 
superior to the three salts named above.® 
Piperazine is most effective against pin- 
worm when taken as a single daily dose be- 
fore breakfast and followed by a glass of 
water which carries the drug to the cecum 
and colon, the habitat of the worm. Therapy 
is continued for 7 consecutive days. Em- 
ploying the following dosage schedule, the 
author? cured 58 of 60 patients. 


Daily dose of piperazine used in therapy of 
enterobiasis 


Patient's Piperazine Piperazine 
weight citrate syrup hexahydrate 
(pounds) (ml.) (Gm.) 


Up to 15 2.5 0.25 
16-30 0 0 
31-60 1 
Over 60 2 


5. 
0. 
0. 


9 
0 0 
0 .0 


The majority of the pinworms are passed 
alive and active during the first 4 days of 
therapy. 

Extensive experience with piperazine ci- 
trate in varying dosages and periods of ther- 
apy indicates that it is a safe anthelmintic. 
Its LD;, in mice is 11 Gm. per kilogram 
body weight. Side effects are very infre- 
quent and consist of nausea, vomiting, 
headache, abdominal cramps, and, very 
rarely, urticaria. Excessive dosage has re- 
sulted in transient neurological disturbances, 


* Antepar. 
yAntepar, Piperazate. 
tEntacyl. 
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characterized by vertigo, tremor, incoordi- 
nation, visual disturbances, sense of detach- 
ment, muscular weakness, and memory de- 
fects. Combes and associates'* reported 
neurological side effects in a patient with 
chronic nephritis after 5 days of standard 
therapy, 2.0 Gm. of the hexahydrate (30 
mg. per kilogram) daily. Failure to excrete 
the piperazine presumably led to a high 
concentration in the blood and tissues. 
Whether the presence of uremia, with its 
heightened reactivity of the nervous system, 
made the patient more susceptible to piper- 
azine is problematical. Symptoms disap- 
peared within a few days after the drug 
was discontinued. 

Other drugs. Several cyanine dyes, pyr- 
vinium chloride* and dithiazanine,‘ are 
highly effective against pinworm. However, 
as the course of therapy is approximately 
the same length as that. of piperazine and 
as nausea, vomiting, and abdominal dis- 
tress are relatively frequent, they offer no 
advantages over piperazine against pin- 
worm. As dithiazanine is effective against 
several helminths, however, its use in multi- 
ple worm infections is an advantage. 

Recently, Beck and co-workers? demon- 
strated that a single dose of pyrvinium 
pamoate, 5 mg. per kilogram body weight, 
cured 96 of 100 pinworm infections. The 
raspberry-flavored syrup was well received 
and none of the patients complained of side 
effects. Confirmation of these results is 
needed, but it appears that this drug may 
usher in a new era in pinworm therapy. 

Gentian violet in enteric-coated tablets is 
an effective, inexpensive therapeutic agent 
for the treatment of enterobiasis. Therapy 
for 10 consecutive days is effective and rela- 
tively well tolerated, although nausea, 
vomiting, and abdominal pain are not un- 
common. Recently, a 7 day course of ther- 
apy was reported as successful. The usual 
dose of gentian violet for adults is 65 mg. 3 
times a day before meals. 


*Vanquin. 
+Delvex, Abminthic. 





Oxytetracycline is effective in entero- 
biasis but expensive, especially when the 
treatment of a whole family is necessary. 
The usual dose for adults is 2.0 Gm. a day 
for 5 to 7 days. 

The one-dose treatment with prometha- 
zine,* when adequately evaluated, has only 
its toxicity and lack of efficacy to recom- 
mend it. 

The prevalence of this persistent parasite, 
both in the underprivileged and also in the 
seats of the mighty, has led to extensive 
chemotherapeutic studies and, over the 
years, the following compounds have been 
shown to be of some value but, from cost, 
bulk, side effects, and only moderate effi- 
cacy, are not practical: bacitracin and suc- 
cinylsulfathiazole,; tetrachlorethylene, ben- 
zylphenyl carbamate, hexylresorcinol, thy- 
myl-N-isoamylcarbamate, pyrathiazine hy- 
drochloride, phthalylsulfathiazole and 
puromycin. 


Ascariasis 


Ascaris lumbricoides, the large round- 
worm, lives in the small intestine of man, 
feeding on its contents. It may reach a 
length of 35 cm. The female worm passes 
200,000 eggs per day which makes diagno- 
sis by stool examination easy and accurate. 
After 3 weeks in the soil, these eggs are in- 
fective when swallowed by man. In 2% 
months, the worms grow to maturity and 
they live 12 to 18 months. World-wide in- 
fection is present in 644,000,000 persons; in 
the United States, 3,000,000 persons are 
infected. 
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Piperazine hexahydrate 


Drug of choice. The use of piperazine in 
ascariasis by Fayard'® was a significant ad- 


®Phenergan. 
+Sulfasuxidine. 
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vance. Piperazine citrate* and other salts 
are very effective and are prepared in palat- 
able syrups, tablets, or chewable wafers 
which make for ease in administration to 
children. A single dose cures 55 to 85 per 
cent of the infections; therapy on 2 consecu- 
tive days will eliminate approximately 95 
per cent. The cure rate of light infections is 
considerably higher than that of heavy in- 
fections. 


Dosage schedule for one- and two-day 
treatment of ascariasis with piperazine 


Patient's Daily dose as Daily dose as 
weight citrate syrup hexahydrate 
(pounds) (ml.) (Gm.) 


30-50 20 2.0 
51-100 30 3. 
Over 101 35 3. 


The piperazines may be given at any 
time, as the presence of food in the diges- 
tive tract has little, if any, effect on their 
activity against Ascaris. Special dietary pre- 
cautions are unnecessary and purgation is 
not required. 

The ascarides usually are passed on the 
first, second, or third day after treatment 
and are immobile and relaxed, though not 
dead. If they are placed in saline at 37° C., 
they regain their normal muscular activity. 
In vitro studies indicate that solutions of 
piperazine produce a state of relaxation of 
the worms after a few hours. The studies of 
Norton and de Beer** suggest that pipera- 
zine is a myoneural blocking agent, selec- 
tive for Ascaris muscle, blocking the stimu- 
lating effects of acetylcholine. The para- 
lyzed worms are unable to maintain their 
position in the host’s intestine and are ex- 
pelled by peristaltic action. Bueding® has 
suggested an additional mechanism, for he 
found that during incubation of Ascaris 
with piperazine, production of succinate is 
reduced, which may be concerned with the 
supply of energy required by the parasite 
tor muscular contraction. 

The paralyzing property of piperazine 
against Ascaris has been utilized by Jenkins 
and Beach*? in the successful conservative 


* Antepar. 
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treatment of partial intestinal obstruction 
due to this worm. The propensity of Ascaris 
adults to migrate to undesired locations or 
perforate the intestine of patients with high 
fever makes successful treatment of 36 pa- 
tients with typhoid fever, who also har- 
bored Ascaris, of special significance.*® The 
flaccid worms are passed without danger of 
intestinal perforation. 

Other drugs. Hexylresorcinol is an effec- 
tive, somewhat expensive, ascaricide and 
has been used extensively in the past 30 
years.® It is essential that the intestinal tract 
be empty when the drug is given, or it will 
combine with food and have little action on 
the parasite. Hexylresorcinol* is available 
only in pill form. The pills should be swal- 
lowed whole, for if they are chewed they 
cause a superficial, annoying burn. This 
drug produces necrosis and “blisters” on 
contact with the worm; it also changes the 
body wall’s permeability to phosphorus 
compounds, which escape from the worm. 

Diethylcarbamazine,+ which contains the 
piperazine ring, is effective if given for 4 
to 7 days. Oil of chenopodium and santonin 
are not as effective in safe doses as pipera- 
zine and occasionally may be very toxic. 
Because of its cheapness, however, cheno- 
podium is still widely used in underde- 
veloped countries. 

When Ascaris is accompanied by Trichu- 
ris or Strongyloides, dithiazanine, which is 
the drug of choice for the latter two worms, 
will also remove the Ascaris. When Ascaris 
is present alone, however, the effectiveness 
and absence of side effects of piperazine in- 
dicate its use rather than dithiazanine. 

Bephenium hydroxynaphthoate has re- 
cently been shown to be effective in as- 
cariasis and, in view of its efficacy against 
hookworm, it may become a drug of choice 
for these infections, especially when they 
are present together. The Ascaris egg count 
reduction in children given two doses of 2.5 
Gm. (base) on one day was 91 per cent; 


°Crystoids. 
tHetrazan. 
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all of the worms were removed from 13 of 
the 20 children treated.* 


Hookworm 


Necator americanus and Ancylostoma 
duodenale live attached to the small intes- 
tine of man, sucking blood for nourishment. 
They are approximately 1.0 cm. in length. 
Eggs are passed in the host’s stool. Larvae 
hatch from these eggs in the soil and they 
actively penetrate the skin of man. Al- 
though most adults with hookworm live 
only 2 to 5 years, they may live as long as 
14 years. Each worm consumes from 0.026 
ml. to 0.22 ml. of blood per day. The esti- 
mated number of hookworm-infected in- 
dividuals in the world is 456,800,000 and in 
the United States, 1,800,000. 


Cl 


Cl Cl 


Tetrachlorethylene 


Drug of choice. Tetrachlorethylene, in- 
troduced by Hall, has been the drug of 
choice for over 30 years. Tetrachlorethy- 
lene is safe, effective, cheap, liquid, and ad- 
ministered orally, an ideal anthelmintic. It 
replaced its relative, carbon tetrachloride, 
which is highly hepatotoxic. The recent 
studies of Carr and associates'? have dem- 
onstrated that the standard dose of 3.0 ml., 
which was employed for 25 years and given 
either with a saline purge or followed 2 
hours later by a purge, was not optimal. 
They observed that when larger amounts of 
tetrachlorethylene were administered with- 
out concomitant or subsequent purgation, 
the patients experienced fewer side effects 
and the chemotherapeutic results were su- 
perior. From careful studies on over 50,000 
Necator-infected patients, they demon- 
strated that a single dose of 5.0 ml. of tet- 
rachlorethylene is entirely safe and will re- 
move approximately 92 per cent of the 
worms. They gave children 0.05 to 0.06 ml. 


*Hsieh, Brown, Fite, Chow, Cheng, and Hsu. In man- 
uscript. 





of the drug per pound of weight, to a maxi- 
mum dose of 5.0 ml. A light meal is eaten 
the night preceding treatment and no break- 
fast the following morning. Tetrachlorethy- 
lene is given at 7 to 8 a.M. and a noon meal, 
relatively fat free, may be eaten. Several 
treatments are often required to remove all 
of the hookworms. Patients with severe 
hookworm anemia, with as little as 1.5 Gm. 
of hemoglobin per 100 ml. of blood, were 
treated without serious side reactions when 
purgation was not employed. 

Ancylostoma duodenale appears to be 
considerably more difficult to remove than 
Necator americanus. Hill and Andrews** 
and others have demonstrated the great 
value of iron therapy in severe hookworm 
infections. Hemoglobin increased from 2.0 
to 2.5 Gm. to 9 to 10 Gm. after 4 to 5 weeks 
of iron therapy alone. 

Tetrachlorethylene is quite water insolu- 
ble, 1 part in 10,000, and in the absence of 
fat in the intestine it is not absorbed to any 
extent. When given to animals in high dos- 
age, there is.no evidence of hepatic or 
renal damage. Liver function tests on man 
are normal during therapy with this drug. 
It has been given to millions of patients, 
many of them greatly debilitated, with only 
occasional nausea, vomiting, giddiness, 
mild inebriation, and in two instances, tem- 
porary loss of consciousness. 

In patients harboring both Ascaris and 
hookworm, the Ascaris is usually removed 
first with a suitable anthelmintic before tet- 
rachlorethylene therapy is employed for 
hookworm. This procedure is based upon 
numerous observations that carbon tetra- 
chloride stimulates the adult Ascaris to mi- 
grate within the host, often with serious 


Clinical Pharmacology 
and Therapeutics 


consequences. This fact has been carried 
over to the close relative tetrachlorethylene, 
but without adequate scientific or clinical 
evidence. Extensive groups of hookworm- 
infected patients have been treated with 
this drug without complications from the 
concurrent Ascaris infection. Some authors 
have even noted the modest efficacy of tet- 
rachlorethylene against Ascaris. 

The mode of action of tetrachlorethylene 
is unknown; although water insoluble, it is 
very soluble in fat. Mueller*® has called at- 
tention to the fat deposits in the hypoderm 
muscle cells, especially around their nuclei, 
in the processes passing from the muscle 
cells to the nerve trunks, and in the lateral 
lines close to the main nerve trunks of As- 
caris. He suggests these areas as possible 
sites of action of halogenated hydrocarbon 
compounds against nematodes. 

Other drugs. Hexylresorcinol is moder- 
ately effective against hookworm and, of 
course, has the added advantage of its 
great activity against Ascaris. Because, how- 
ever, of its cost, pill form, and the deleteri- 
ous effect of food on its efficacy, it is recom- 
mended for hookworm infection only under 
special conditions. 

Cyanine dyes, which have been tested, 
have proved to be only moderately effective 
against Necator americanus and, in the dos- 
age employed, have produced uncomfort- 
able side effects. Dithiazanine therapy 
gives good egg-count reductions in some in- 
fections but the cure rate is low.’® 

A group of quaternary ammonium com- 
pounds have recently been shown to have 
activity against a wide range of nematodes 
in laboratory and domestic animals and 
man.”° 
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One of them, bephenium hydroxynaph- 
thoate* shows considerable promise against 
Necator, Ancylostoma, and Ascaris and 
some effect against Trichuris.2! Hsieh and 
the author have confirmed these studies, 
utilizing a total daily dose of 5.0 Gm. (base) 
in children. Slight nausea, vomiting, and 
soft stools were observed after therapeutic 
amounts of the hydroxynaphthoate. Studies 
by Rogers*? show that only a very small 
amount of the drug and its metabolites is 
excreted in the urine. 

Betanaphthol was one of the early hook- 
worm remedies. Recently trials with 1- 
bromo-6-naphthol indicate it has significant 
activity against both Necator and Ancylos- 
toma in man.*® Likewise, further evaluation 
of N-(2,4-dichlorobenzy] ) - N - (2-hydroxy- 
ethyl) dichloroacetamide} seems indicated 
in view of its reported efficacy.** 


Trichuriasis 


Trichuris trichiura, the whipworm of man, 
infects 355,000,000 persons in the world 
and 400,000 persons in the Southern United 
States. The adult worms are 30 to 50 mm. 
in length and they live with their anterior 
end embedded in the mucosa of the cecum 
and large intestine. Numerous eggs passed 
in man’s stool incubate in the soil, serve as 
a source of infection when ingested. The 
worm lives many years and when present 
in considerable numbers causes a severe an- 
emia. Diagnosis is made by the presence of 
the characteristic barrel-shaped eggs in the 
stool. 


® Alcopar. 
+Win 5047, Mantomide. 
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Drug of choice. Because of its position 
in the cecum and large intestine, Trichuris 
has been difficult to eliminate by oral ther- 
apy. Until recently, enemas containing hex- 
ylresorcinal have given the best therapeutic 
results against this parasite. The discovery 
of the therapeutic activity of dithiazanine, 
3,3’-diethylthiadicarbocyanine iodide, by 
McCowen and his colleagues** in 1957, 
made available for the first time a safe and 
effective agent for the oral therapy of tri- 
churiasis. 

Frye and co-workers!® reported a cure 
rate, based on Stoll dilution egg counts, of 
72 per cent following dithiazanine three 
times a day for 5 days. Clinical cure of 
heavy whipworm infections with dithiazan- 
ine is striking and the dysentery which is 
sometimes present quickly subsides. Iron 
therapy is indicated for the severe anemia 
that is often present in severe Trichuris in- 
fections. 


Total daily dosage of dithiazanine, 5 day 
therapy 


Patient's weight (pounds) 
20-30 30-40 40-50 50-60 Over 60 


Daily 
dose 200 mg. 300 mg. 400 mg. 500 mg. 600 mg. 


_In children, daily dosages may be di- 
vided into two doses if three doses are im- 
practical. 


Employing the above dosages, we found 
that a single course of dithiazanine elimi- 
nated all of the whipworms from 60 per 
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cent of 34 patients, based upon stool exam- 
inations by the sedimentation technique. 
The worms were dead and some were green- 
stained when passed. However, all patients 
benefit from therapy as it has been shown 
that the average egg-count reduction fol- 
lowing one course of therapy may be as 
great as 98.2 per cent. Several courses of 
dithiazanine may be necessary to eliminate 
whipworm completely. Vomiting occurred 
in 40 per cent of our patients, often only 
after the first or second dose of the drug, 
but sometimes after each dose. Only rarely 
was therapy stopped because of the sever- 
ity of the vomiting. In view of the longevity 
of Trichuris and the loss of blood due to it, 
the minor side reactions seem unimportant. 

Studies*® demonstrate that cyanine dyes 
produce an inhibition of the oxygen uptake 
of adult Litomosoides carinii, a filarial worm 
of the cotton rat. This respiratory inhibition 
is associated with a compensatory increase 
in aerobic glycolysis. It is suggested th: * c-- 
anines exert their chemotherapeutic effec . 
through inhibition of enzymes concerned 
with oxidative metabolism. The biochemi- 
cal action of cyanines on Trichuris vulpis 
of the dog indicates their effect is not lim- 
ited to oxidative processes, but may involve 
anaerobic metabolism as well. Dithiazanine 
apparently affects the reproduction mech- 
anism of Trichuris, for following therapy 
deformed eggs are present in the stools and 
in the dissected worms. 

Other drugs. With the exception of dithi- 
azanine, the treatment of Trichuris infec- 
tions by means of anthelmintics adminis- 
tered orally is only moderately successful. 
The author® gave 368 Trichuris infected pa- 
tients a single treatment with hexylresor- 
cinol pills and reduced the average egg 
count 32 per cent. Retention enemas with 
hexylresorcinol are effective, but they are 
too time consuming for mass therapy and 
their use was confined largely to heavily in- 
fected anemic patients. Hoekenga?® cured 
50 per cent of his trichuriasis patients with 
a single dose of a mixture of tetrachloreth- 
ylene and oil of chenopodium. 

Piperazine citrate is not effective against 
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Trichuris. Several authors" report good re- 
sults from the use of piperazine adipate in 
whipworm infections. Other workers,?® in- 
cluding the author, failed to secure signifi- 
cant therapeutic effects from this drug. 

Other drugs. 3-Methy]-1-pentyn-3-yl acid 
phthalate* is effective against the canine 
whipworm. However, in the dosage found 
effective in man, temporary conjunctivitis, 
keratitis, photophobia, and ocular pain 
were produced.?® 

Leche de higueron, the sap of the fig tree 
of the genus Ficus, according to the Cald- 
wells,!! will remove 85 per cent of the Tri- 
churis of man. Robbins*! demonstrated this 
sap to contain a proteolytic enzyme which 
has a specific action against Trichuris and 
Ascaris, yet does not digest the intact in- 
testinal mucosa of their host. Unfortunately, 
leche de higuerén deteriorates with age 
and the comparatively large dose is quite 
unpleasant to take. 

Shrapnel*® observed that during oral em- 
etine hydrochloride therapy of amebiasis 
there was a noticeable effect on the Tri- 
churis of several of his patients. Following 
this lead, Burrows, Morehouse, and Freed!° 
treated Trichuris-infected adults with vary- 
ing amounts of “enteric-sealed” emetine hy- 
drochloride tablets. There was an 88 per 
cent reduction in Trichuris egg count fol- 
lowing treatment, and large numbers of 
dead worms were passed in the stools, in one 
instance 2,538. Diarrhea was experienced 
by all of the patients while under treat- 
ment, and nausea and vomiting were also 
present to a lesser extent. When the diar- 
rhea was at its height, sloughed intestinal 
mucosa with dead worms attached and 
blood were found in the stools. It is appar- 
ent that emetine hydrochloride has consid- 
erable activity against Trichuris, but be- 
cause of its toxicity and injury to the host’s 
tissues it cannot be recommended. 

Preliminary studies indicate that bephen- 
ium hydroxynaphthoate is moderately ef- 
fective against Trichuris. Further clinical 
trials may lead to a more effective dosage 
schedule. 


°Whipcide, Phtholofyne. 
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Strongyloidiasis 


The parasitic female generation of Stron- 
gyloides stercoralis lives embedded in the 
mucosa of the duodenum and upper jeju- 
num of man. The adult female worm is only 
2.2 mm. in length. It passes eggs into the 
intestinal mucosa which develop into lar- 
vae before they are passed in the stool. In- 
fection may occur as in hookworm, by 
larvae in the soil penetrating the skin of 
man. Autoinfection by larvae in the intesti- 
nal tract may occur and this explains the 
heavy infections found as long as 36 years 
after possible infection from the soil. Stoll 
estimates that 34,900,000 persons in the 
world and 400,000 in the United States are 
infected with Strongyloides. Diagnosis is 
made by finding the microscopic larvae in 
the stool. 

Drug of choice. The position of the para- 
sitic female, embedded in the intestinal 
mucosa, renders therapy difficult. Careful 
laboratory and clinical studies during the 
past 2 years have demonstrated the efficacy 
of cyanine dyes, pyrvinium chloride* and 
dithiazanine iodide,} against strongyloidia- 
sis..? Both compounds in therapeutic 
amounts not infrequently cause nausea, 
vomiting, abdominal distress, and anorexia. 
These minor side effects must be weighed 
against the cure of a long-lasting, some- 
times debilitating, and even fatal infection. 
At present, the most satisfactory therapy 
for an adult consists of dithiazanine, 200 
mg. 3 times a day for 10 to 14 days. (See 
Trichuris for children’s doses.) This regi- 
men will cure the majority of Strongyloides 
infections. 

Careful studies of renal and hepatic 
functions and hematologic examinations, 
during and after therapy, revealed no sig- 
nificant alterations. It appears that we now 
have a safe and effective chemotherapeutic 
agent for strongyloidiasis. 

Other drugs. Until recently, gentian vio- 
let given orally was widely used in strongy- 
loidiasis. Although complete elimination of 
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the infection was usually not achieved, clin- 
ical improvement was often noted. For 
adults, 0.065 Gm. 3 times a day, before 
meals, for 17 days is standard therapy. 
Nausea, vomiting, abdominal pain, and di- 
arrhea or constipation not infrequently ac- 
company this therapy. . 

A number of other drugs have been used 
against Strongyloides with indifferent or 
equivocal results: quinacrine, piperazine, 
promethazine,* hexylresorcinol, and lucan- 
thone hydrochloride.t 


Cestodiasis 


Man commonly is host to three large 
tapeworms, Taenia saginata, T. solium, and 
Diphyllobothrium latum, acquired from 
eating the larval forms in beef, pork, and 
fish, respectively. Usually, only one worm 
is present, although multiple worms may be 
encountered. The dwarf tapeworm, Hymen- 
olepis nana, is found in man, especially 
children, in great numbers, and is ac- 
quired by ingesting the eggs of the parasite 
passed in the host’s stools or from insect in- 
termediate hosts. Man also accidentally ac- 
quires several dog, cat, and rat tapeworms. 
All of these adult worms live attached by 
their heads to the small intestine of man. 
The world ‘over, some 70,000,000 persons 
harbor these elongate parasites. The eggs 
of all of these worms are found in the stool 
and frequently the segments of the Taenia 
are also present. 


CH; 
NH-CH-CH.2(CH2)2N(CH2CH3)s 
CH,0 
AN ANUAN 


| 


Y/SAYL 
Cl 


Quinacrine 


Drugs of choice. Although a: number ot 
new anthelmintics for cestode therapy have 
recently been reported, until confirmation 
of these studies has been made, quinacrine 
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hydrochloride* remains as the safest, most 
effective therapeutic agent available at 
present for the treatment of tapeworm in- 
fection.*® Following therapy with quinac- 
rine, the worms are usually alive when 
passed and are often stained bright yellow. 
The mode of action of quinacrine is un- 
known. As the strobila of the worm is re- 
generated from the head (scolex) and neck, 
effective therapy must remove these por- 
tions of the parasite. This involves freeing 
the intestine of food which would keep the 
drug from coming in contact with this small 
but vital portion of the tapeworm. The prep- 
aration of the patient is therefore important 
in tapeworm therapy. On the day preceding 
treatment, the patient should be placed on a 
liquid diet and supper may be omitted ex- 
cept for black coffee, tea, and water. A 
soapsuds enema should be given in the eve- 
ning. The following morning the patient 
should remain in bed, omit breakfast, and 
take the anthelmintic. The total dose of 
quinacrine for adults is 0.8 Gm. In order 
to prevent vomiting, it may be given as 2 
doses of 0.4 Gm. half an hour apart, or 0.1 
Gm. every 10 minutes. Children’s dose is 0.4 
Gm. for children weighing 40 to 75 pounds, 
0.6 Gm. for children 76 to 100 pounds. 
Two hours after the last dose of the drug, 
a saline purge is administered, followed by 
a glass of water. If the worm is not removed 
by purgation or if the head is not recov- 
ered, a soapsuds enema should be given as 
the worm or scolex may be lodged in the 
large intestine. Toilet paper used by the 
patient should not be placed in the bedpan 
as it makes the search for the tapeworm 
head very difficult. If large portions of the 
worm are recovered and the head is not 
found, the stool should be free of eggs and 
segments for 6 months before one can be 
sure the treatment was successful. The head 
may have been digested, lodged in the 
large intestine, or not recognized in the 
stool examination following therapy and, 
therefore, failure to find the head does not 
necessarily mean failure to cure. 


* Atabrine. 
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In the dosage employed in tapeworm 
therapy, quinacrine may produce nausea, 
vomiting, and occasionally transient dizzi- 
ness and yellowish discoloration of the skin. 
Vomiting is potentially dangerous in pa- 
tients harboring Taenia solium as it may 
result in segments and eggs being regurgi- 
tated into the stomach with the production 
of cysticercosis. Vomiting also reduces the 
efficacy of quinacrine against T. saginata 
and D. latum. We have found that chlorpro- 
mazine* administered prior to therapy is 
effective in reducing nausea and vomiting. 
Patients, either adults or children, who 
vomit quinacrine may be successfully treated 
with medication given by duodenal tube. 

Other drugs. Galen used male fern, oleo- 
resin of aspidium, as an anthelmintic. It is 
an extract of the green rhizome and stipes 
of Dryopteris filix-mas and contains many 
constituents. Anttonen! maintains that the 
active principle of extract of male fern is 
flavaspidic acid with which he cured 65 of 
76 tapeworm infections. Other workers con- 
sider filicic acid to be the most active con- 
stituent of aspidium. Magath and Brown*® 
report success with an emulsion consisting 
of 6.0 Gm. or 6.0 ml. of oleoresin of aspid- 
ium (the author uses 5.0 ml.), 8.0 Gm. of 
acacia and water to make up to 60 ml.; 30 
ml. of the emulsion is given early in the 
morning, followed by an additional 30 ml. 
1 hour later. The total dose for children is 
4.0 ml. of the emulsion per 10 pounds of 
weight. Therapeutic doses of oleoresin of 
aspidium may cause, in varying severity, 
headache, vertigo, gastroenteritis, abdom- 
inal pain, diarrhea, nausea, vomiting, and 
temporary disturbances in vision. 

Recently, when the author failed to re- 
move a Taenia or Diphyllobothrium with 
quinacrine therapy, he has given aspidium 
on the following day with 100 per cent suc- 
cess in 4 cases. The patient remains on a 
liquid diet the second day so the intestine 
is free of food and the worm may be some- 
what weakened by the additional starva- 
tion. Other workers report that a repetition 


*Thorazine. 


RE ta a eae 


SPSS eM tnE e gS 





5 
j 
Ni 
= 
& 


gq 
: 
: 
: 


i i 


o> Ea ae 


Volume 1 
Number 1 


of quinacrine on the second day also brings 
out recalcitrant cestodes. 

Unfortunately, we do not have an effec- 
tive chemotherapeutic agent against H. 
nana. This tapeworm is frequently present 
in large numbers, which makes its complete 
eradication very difficult. 

Tin was used as a vermifuge in the days 
of Paracelsus. Following extensive use in 
England, Germany, and Italy, it fell into 
disrepute, possibly because of the toxicity 
of arsenic and lead present in the impure 
tin compounds of the day. Hirte,?° using 
a stable tablet preparation called Cestodin, 
which contains metallic tin and also its ox- 
ide and chloride, cured 56 of 58 tapeworm 
infections. The medication was given for 5 
days without toxic or undesirable side ef- 
fects. Kuhls?* extended and confirmed these 
results. His tin mixture also contains zinc 
chloride. He treated 202 persons, all of 
whom harbored T. saginata except 3 in- 
fected with T. solium and 2 with D. latum. 
One hundred and eighty persons were 
cured and side effects from the drug were 
negligible. Living, active tapeworm pro- 
glottides are passed on the third or fourth 
day of therapy, but the head is seldom 
found. It is supposed that the tin is toxic 
to the head and the budding neck zone and 
that these parts are destroyed by the diges- 
tive juices. 

Several recent studies suggest that the 
4-aminoquinoline, amodiaquin,* is highly 
effective against Taenia. van Grunderbeeck 
and Penson®** treated 130 patients with 
taeniasis with good results and Lecuona”® 
reported a 95.6 per cent cure rate using this 
compound. In view of these excellent re- 
sults and the relative safety of the drug, 
additional studies are indicated. 

2,2’-Methylene-bis(5-chlorophenol )+ has 
been introduced from veterinary medicine 
to human subjects with some success for 
the treatment of Taenia.** Several instances 
of jaundice and one death indicate that this 
drug is potentially dangerous to man when 
the standard dose is exceeded.?® 


*Camoquin. 
tDi-phenthane 70, Anthiphen, Dichlorophen. 
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In view of the number of chemothera- 
peutic agents which have been used with 
success against cestodes, a careful trial 
should be made of all of them, with a stand- 
ard procedure for assessing cure. Either the 
scolex should be passed in the stool, or the 
patient should be free of tapeworm for 4 to 
6 months post treatment. 

Trichiniasis 

Stoll*® estimated that throughout the 
world there are 27,800,000 persons infected 
with Trichinella spiralis and that 21,100,000 
of them live in the United States and Can- 
ada. Of the 350,000 estimated new infec- 
tions which develop in the United States 
each year, only 16,000 may be expected to 
exhibit clinical symptoms. 

The adult Trichinella spiralis is a small, 
threadlike organism, the male measuring 
1.6 mm. in length, and the female 4.0 mm. 
Man becomes infected by ingesting the live 
encysted larvae in raw or partially cooked 
pork and pork products. Bear and walrus 
steaks have been the cause of several epi- 
demics. The ingested larvae excyst in the 
upper intestine and invade the duodenal 
and jejunal mucosa where they develop to 
maturity, and within 5 to 7 days the females 
begin to pass larvae. The larvae, approxi- 
mately 100 » in length, migrate by way of 
the lymphatics and mesenteric venules into 
the systemic circulation and are distributed 
throughout the body. Within 3 or 4 weeks, 
the female has passed most of her 1,500 
progeny, although she may continue to pro- 
duce them for as long as 16 weeks. The 
larvae have a_ predilection for striated 
muscle, especially the extraocular muscles, 
the diaphragm, larynx, base of the tongue, 
intercostal, pectoral, biceps, deltoid, glu- 
teus, and gastrocnemius muscles. Approxi- 
mately 3 weeks after infection, an ellip- 
soidal sheath is developed about the larvae 
by the degenerative products of the invaded 
muscle fiber. The encapsulated «larvae in 
straited muscle grow to a length of 0.8 to 
1.0 mm., and some of them remain viable 
for several years, then die and undergo cal- 
cification. 





There is no satisfactory chemotherapeutic 
agent for use against the adult Trichinella 
in the intestinal wall or the larvae in the 
muscles. Several studies'® have demon- 
strated that the administration of 200 mg. 
of ACTH per day to patients with trich- 
iniasis produces marked clinical improve- 
ment in severe infections and may be life- 
saving. Similar favorable results have been 
reported from the use of cortisone.** These 
two agents do not adversely affect the adult 
or larval Trichinella. In fact, Stoner and 
Godwin*® found that cortisone-treated mice 
harbored more adult worms for a longer 
period of time and presumably pass more 
larvae than host mice not receiving corti- 
sone therapy. These hormones, however, 
greatly reduce the hosts’ tissue reaction to 
the invading larvae and produce striking 
clinical improvement in man. Unfortu- 
nately, the diagnosis of trichiniasis is us- 
ually made after the larval migration is al- 
ready very extensive and the adult worms 
are embedded in the intestinal mucosa. Be- 
fore the young adults are embedded, purga- 
tion or anthelmintic therapy would elim- 
inate some of the parasites, thus decreasing 
the number of invading larvae. A great 
variety of agents has been tried against the 
adult worms in man, and some appeared to 
give clinical relief to individual patients. 
However, laboratory studies on experi- 
mentally infected animals did not confirm 
the therapeutic value of the agents. Over 
140 different chemical compounds tested on 
experimental animals have failed to affect 
either the adult or the larval worms. 

Recently, Chan and Brown™ demon- 
strated that massive doses of piperazine 
markedly reduced the number of Trichi- 
nella adults in infected mice. They suggest 
that piperazine citrate, if employed during 
the diarrheal stage of the infection when 
the young adults are migrating into the in- 
testinal wall, might eliminate some of them, 
thereby reducing the number of larvae in- 
vading the muscles. These workers recog- 
nize that the intestinal wall of mice is 
thinner than that of man and may not, 
therefore, afford as complete protection as 


Clinical Pharmacology 
and Therapeutics 


does the thicker intestinal wall of man. Von 
Brand, Holtz, and Vogel** produced rapid 
calcification of Trichinella cysts in rats by 
oral administration of irradiated ergosterol; 
a dangerous parallel calcification of the 
host’s organs was also noted, however. 


Schistosomiasis 


Schistosomiasis is a chronic disease 
caused by the eggs and the adult schisto- 
somes or blood flukes. Schistosoma mansoni 
and S. japonicum live in the small venules 
of the intestine and S. haematobium in the 
vesical and pelvic plexuses. The migration 
of the eggs through the intestine and urin- 
ary bladder and their accumulation in the 
liver, lungs, and central nervous system 
produce the characteristic syndrome. 

The adult worms are 0.6 to 2.5 cm. in 
length, and, depending upon the species of 
worm, from 300 to 3,500 eggs are passed 
daily into the venules. The eggs effect a 
passage into the lumen of the intestine or 
urinary bladder and are evacuated in the 
feces or the urine. On contact with fresh 
water, the miracidia hatch from the eggs 
and swim about until they find an appro- 
priate snail, which they penetrate. After de- 
velopment and multiplication within the 
snail, the forked-tailed cercarial progeny 
emerge. During bathing, swimming, work- 
ing, or washing clothes, the free-swimming 
cercariae penetrate the skin and migrate by 
way of the blood stream to their sites of 
predeliction. The adult worms live as long 
as 25 years. Approximately 125,000,000 per- 
sons harbor this parasite which causes a 
chronic, seriously debilitating disease. We 
see this infection not infrequently in our 
large New York Puerto Rican population. 
Fortunately, with adequate sewage dis- 
posal and lack of suitable snail hosts, it 
does not spread in the United States. 

Drugs of choice. Trivalent antimony com- 
pounds, tartar emetic (potassium antimony 
tartrate), sodium antimonyl gluconate,* 
and stibophen} are the drugs of choice in 
schistosomiasis.** 


°Triostam. 
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Stibophen, though less effective than tar- 
tar emetic, is less toxic and is, therefore, 
preferred by many. Tartar emetic is slowly 
administered intravenously as a 0.5 per 
cent solution as follows: first day, 8 ml.; 
third day, 12 ml.; fifth day, 16 ml.; seventh 
day, 20 ml.; ninth day, 24 ml.; and on al- 
ternate days through the twenty-ninth day, 
28 ml. (total 360 ml. containing 0.648 Gm. 
of antimony ). 

Stibophen is given intramuscularly as a 
6.3 per cent solution. The course of treat- 
ment for adults consists of 20 injections of 
5 ml. on alternate days, starting with 1.5 
ml. and 3.5 ml. in the first two injections. 
Children are given a total dose of 1.0 ml. 
per pound of weight in 20 injections. Re- 
lapses occur not infrequently, so repeated 
stool examinations should be made several 
months after the completion of therapy and 
a second course of treatment given if 
indicated. 

It has been generally assumed that the 
action of trivalent antimony compounds 
against parasites is similar to that of arseni- 
cals, which inactivate the sulfhydryl groups 
of enzymes. Recent studies,*! however, in- 
dicate that arsenic and antimony do not 
have identical antienzymatic spectra. One 
possible site of activity of trivalent anti- 
mony is the interference with a single step 
in the glycolysis of S. Mansoni by inhibi- 
tion of phosphofructokinase. Pentavalent 
antimony compounds, although they have 
no schistosomal activity in vitro, are active 
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in vivo, which suggest that they are re- 
duced to the active trivalent form in the 
host, possibly in the liver. 

Trivalent antimony compounds have an 
affinity for red blood cells, have a low blood 
plasma concentration, and are slowly ex- 
creted, for the most part by the kidneys. 
Little is known of the distribution of triva- 
lent antimony in the tissues of man. In ani- 
mals, high concentrations are found in the 
liver and thyroid. 

Therapeutic use of antimony compounds 
may be attended by untoward reactions 
which are more frequent with trivalent than 
pentavalent compounds and more frequent 
with tartar emetic than other trivalent anti- 
monial drugs. Severe coughing is associated 
with tartar emetic therapy. All trivalent 
compounds may produce nausea, vomiting, 
and joint pains. Headache, abdominal pain, 
mild rashes, and fainting may occur. Elec- 
trocardiographic changes are frequent but 
they are not associated with cardiovascular 
symptoms. The electrocardiogram reverts to 
normal 30 to 60 days after the cessation of 
therapy. Hepatitis is a rare but serious com- 
plication and renal damage is sometimes 
noted. Mass therapy with antimony com- 
pounds is not successful because of the 
necessity for repeated intravenous or intra- 
muscular injections. 

There is a great need for an orally ef- 
fective chemotherapeutic agent and the 
thioxanthone, lucanthone hydrochloride,* 
represents a step in this direction. It is given 
at a rate of 10 to 20 mg. per kilogram of 
body weight for 8 to 20 days.** 
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Miracil D 


Miracil D is effective against S. haemato- 
bium, less effective against S. Mansoni, and 


®Miracil D, Nilodin. 
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of little value against S. japonicum. Side ef- 
fects consist of nausea, vomiting, yellow 
discoloration of the skin, vertigo, restless- 
ness, headache, .mental confusion, and 
tremor. Children appear to tolerate the 
drug as well as, or even better than, adults. 
Miracil D is degraded in the body, presum- 
ably in the liver, with 7 per cent appearing 
in the urine. 

Other drugs. Standen** has studied a 
series of diphenoxyalkanes and has found a 
number of them to be active against S. 
mansoni and S. japonicum in animals. Af- 
fected schistosomes first lose muscle tone, 
are rendered immobile, and are swept into 
the liver. Here, a foreign-body reaction en- 
sues, the worms become ensheathed in in- 
flammatory tissue and are destroyed piece- 
meal. It is suggested that these compounds 
may exert their antischistosomal activity on 
the parasite and also stimulate the defense 
mechanism of the host, either directly or 
through the injured worm. 


Filariasis 

Man is host to 6 filarial worms all of 
which are characterized by their threadlike 
appearance, slow development, and long 
life. The adult worms live in the lym- 
phatics, connective tissues, or body cavities. 
The female worm produces microfilariae 
which circulate in the blood or in the skin 
of the host. Some of the microfilariae are 
ingested by bloodsucking anthropods and, 
after undergoing development in them, they 
are deposited on the skin when this vector 
takes another blood meal and the infective 
larvae penetrate the skin and develop into 
adult worms. 

Various domestic and wild animals har- 
bor numerous species of filaria which are 
used for chemotherapeutic evaluation. 
Chemotherapeutic activity is ascertained 
during life by the reduction in number of 
microfilariae in the blood or skin snips, or, 
2’ autopsy, by the condition of the adult 
worms. Studies on man are usually limited 
to the effect of the drug on the circulating 
microfilariae for, except in onchocerciasis, 
the adult worms are practically impossible 
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to find at biopsy. Occasionally, a chemo- 
therapeutic agent kills the adult worm and 
the resultant inflammation about the dead 
and degenerating parasite gives qualitative 
evidence of the therapeutic efficacy. 

Drug of choice. Diethylcarbamazine, 1- 
diethylcarbamyl]-4-methylpiperazine,* is ef- 
fective against several species of filaria. 
The usual dose is 2 mg. (citrate) per kilo- 
gram of body weight 3 times a day for 7 
to 21 days. The LD,,, in mice is 550 mg. per 
kilogram and in rats 395 mg. per kilogram 
when given orally. 


CH.———-CH, O CsH; 
Eo 
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Diethylcarbamazine 


The piperazine ring is probably of funda- 
mental importance in the activity of this 
compound although piperazine itself has 
no activity against filaria. The microfilariae 
of Wuchereria bancrofti and W. malayi dis- 
appear quickly from the blood after the 
beginning of therapy and, as they do not 
reappear on cessation of therapy, it is pre- 
sumed that the adult worms are killed or 
at least they are permanently sterilized. 
After several courses of the drug, the adults 
of Loa loa are killed and also the micro- 
filariae. In Onchocerca volvulus infections 
treated with diethylcarbamazine, the micro- 
filariae in the skin are quickly killed and a 
severe allergic reaction often immediately 
ensues. Suramin* is effective against the 
adult Onchocerca, especially the female 
worms. However, as multiple injections are 
necessary and it is potentially toxic, it does 
not have wide application. Removal of the 
nodules containing the adult worms demon- 
strates that many of them have been killed 
or sterilized by the drug. 

In cotton rats treated with diethylcarba- 
mazine, the microfilariae are found concen- 
trated in the liver. Within an hour, phago- 


*Hetrazan, Banocide, Caricide, or Notezine. 
+Naphuride, Bayer 205. 
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cytes surround these trapped microfilariae 
and within 18 hours, most of them have 
been destroyed.*? These observations sug- 
gest that the drug sensitizes the micro- 
filariae in some way so that they become 
susceptible to the action of the fixed macro- 
phages. Man rapidly absorbs diethylcarba- 
mazine and, when it is administered as a 
single dose orally, a peak blood level is 
reached in 3 hours. By utilizing the drug 
labeled with C'™ in the piperazine ring, it 
has been found that rats and monkeys ex- 
creted about 70 per cent of piperazine me- 
tabolites in 24 hours. The drug is distrib- 
uted throughout all organs, blood cells, tis- 
sues, and body fluids. 

Other drugs. A number of antimony- and 
arsenic-containing compounds, given in- 
tramuscularly or intravenously, have been 
used with some success against filarial in- 
fections in man and animals. In general, the 
trivalent antimony compounds act rapidly 
on the microfilariae and more slowly on the 
adult worms.® In contrast, the pentavalent 
antiaony compounds exert their effect on 
the adult worms and gradually the micro- 
filariae disappear from the blood over a 
period of months because they are not re- 
placed by the injured and dead adult 
females.!® 

Otto and Maren** found that arsenamide, 
a soluble thioglycollate derivative of benza- 
mide p-arsenoxide, given intravenously, has 
a direct effect on both the microfilariae and 
adult worms. Unfortunately, it is hepato- 
toxic, : 

Although the antimony- and arsenic-con- 
taining compounds are interesting and they 
demonstrate that filaria can be attacked in 
its human host, these compounds all have 
the inherent defect of unpleasant side ef- 
fects, even severe toxic reactions, and they 
all require multiple injections. 


References 


_1. Anttonen, V. M.: Flavaspidic Acid as Anthel- 
mintic, Ann. med. exper. et biol. fenniae 32:15- 
25, 1954. 

2. Beck, J. W., Saavedra, D., Antell, G., and 
Tejeiro, B.: Treatment of Pinworm Infections 


re 


co 


Ca 
~— 


10. 


l 


— 


13. 


14, 


16. 


17. 


~ 


19. 


Y 


9. Bueding, E., 


Actions and uses of anthelmintics 101 


in Humans (Enterobiasis) With Pyrvinium 
Chloride and Pyrvinium Pamoate, Am. J. Trop. 
Med. 8:349-352, 1959. 


. Brown, H. W.: The Treatment of Ascariasis 


and Trichuriasis With Hexylresorcinol Pills, 
Am. J. Hyg. 16:602-608, 1932. 


. Brown, H. W.: Observations on the Mode of 


Action of Several Anthelmintics Upon Ascaris 
lumbricoides (Pig Strain), Am. J. Hyg. 26:72- 
83, 1937. 


. Brown, H. W.: Treatment of Filariasis With 


Anthiomaline (Lithium Antimony Thiomalate ), 
Ann. New York Acad. Sc. 50:51-72, 1948. 


. Brown, H. W., Chan, K. F., and Hussey, K. L.: 


The Efficacy of Piperazine Compounds Against 
Syphacia obvelata, a Pinworm of Mice, Am. J. 
Trop. Med. 3:504-510, 1954. 


. Brown, H. W., Chan, K. F., and Hussey, K. L.: 


Treatment of Enterobiasis and Ascariasis With 
Piperazine, J. A. M. A. 161:515-520, 1956. 


. Bueding, E., and Most, H.: Helminths. Metab- 


olism, Nutrition and Chemotherapy, Ann. Rev. 
Microbiol. 7:295-326, 1953. 

and Swartzwelder, C.: Anthel- 
mintics, Pharmacol. Rev. 9:329-365, 1957. 
Burrows, R. B., Morehouse, W. C., and Freed, 
J. E.: Treatment of Trichuriasis With Enseals 
of Emetine Hydrochloride, Am. J. Trop. Med. 
27:327-338, 1947. 


. Caldwell, F. C., and Caldwell, E. L.: A study 


of the Anthelmintic Efficacy of Higuerolatex in 
the Treatment of Trichuriasis, Am. J. Trop. 
Med. 9:471-482, 1929. 


2. Carr, P., Pichardo Sarda, M. E., and Aude 


Nunez, N.: Anthelmintic Treatment of Un- 
cinariasis, Am. J. Trop. Med. 3:495-503, 1954. 
Chan, K. F., and Brown, H. W.: Treatment of 
Experimental Trichinosis in Mice With Pipera- 
zine Hydrochloride, Am. J. Trop. Med. 3:746- 
749, 1954. 

Combes, B., Damon, A., and Gottfried, E. 
Piperazine (Antepar) Neurotoxicity. Report of 
a Case Probably Due to Renal Insufficiency, 
New. England J. Med. 249:223-224, 1956. 


. Culbertson, J. T.: Experimental Chemotherapy 


of Filariasis, Tr. Roy. Soc. Trop. Med. & Hyg. 
41:18-54, 1957. 

Davis, W. M., and Most, H.: Trichinosis, Case 
Report With Observations of the Effect of 
Adrenocorticotropic Hormone, Am. J. Med. 
11:639-644, 1951. 

Dunn, T. L.: Effect of Piperazine Derivatives 
on Certain Intestinal Helminths, Lancet 1:592- 
593, 1955. 


. Fayard, C.: Ascaridiose et piperazine. Thesis, 


Paris, 1949. (Quoted from Semaine Hop. Paris 
35:1778, 1949.) 

Frye, W. W., Swartzwelder, C., Lampert, R., 
Abadie, S. H., and Carson, C. B., Jr.: An Ef- 





fective Trichuricide Suitable for Oral Adminis- 
tration, Am. J. Trop. Med. 6:890-893, 1957. 

. Goodwin, L. G., Jayewardene, L. G., and Stan- 
den, O. D.: Clinical Trials With Bephenium 
Hydroxynaphthoate (Alcopar) Against Hook- 
worm in Ceylon, Brit. M. J. 2:1572-1576, 1958. 

. Gunders, A. E.: Clinical Trials With Bephe- 
nium Hydroxynaphthoate (Alcopar) Against 
Intestinal Nematodes in Liberia. (Submitted 
to Am. J. Trop. Med. & Hyg.) 

2. Halawani, A., Abdullah, A., and Saif, M.: 
Evaluation of the Efficiency of Miracil D in 
the Treatment of Bilharziasis in Egypt, Ztschr. 
Tropenmed. u. Parasitol. 8:134-140, 1957. 

. Hawking, F.: Chemotherapy of Filarial Infec- 
tions, Pharmacol. Rev. 7:279-299, 1955. 

. Hill, A. W., and Andrews, J.: Relation of 
Hookworm Burden to Physical Status in 
Georgia, Am. J. Trop. Med. 22:499-506, 1942. 
. Hirte, W.: Bandwurmkuren mit einem Zinn- 
praparat, Deutsche. med. Wchnschr. 76:1083- 
1085, 1951. 

. Hoekenga, M. T.: Experiments in the Therapy 
of human Trichuriasis and Hookworm Disease, 
Am. J. Trop. Med. 5:529-533, 1956. 


26a. Jackson, F. C.: The Treatment of Tapeworm 


Infestation With Dichlorophen, South African 
M. J. 30:853-854, 1956. 

. Jenkins, M. Q., and Beach, M. W.: Intestinal 
Obstruction Due to Ascariasis; Report of 
Thirty-one Cases, Pediatrics 13:419-425, 1954. 

.Kuhls, R.: Zinn in der Bandwurmtherapie, 
Med. Klin. 48:1511-1514, 1953. 

9. Lecuona, M. de O.: Primeiros ensaios sobre a 
existéncia da teniase na Guiné Portuguesa e 
ensaio terapéutico com a Camoquina, An. Inst. 
trop. med., Lisbon 13:87-96, 1956. 

. Magath, T. B., and Brown, P. W.: Standardized 
Method of Treating Tapeworm Infestations in 
Man to Recover the Head, J.A.M.A. 88:1548- 
1549, 1927. 

. Mansour, T. E., and Bueding, E.: Action of 
Antimonials on Glycolytic Enzymes of Schisto- 
soma mansoni, Brit. J. Pharmacol. 9:459-462, 
1954. 

. Mazzotti, L., and Mendez, D.: El Difentano 70 
en el tratamiento de lag teniasis humanas, Rev. 
Inst. salub. y enferm. trop. 16:9-14, 1956. 

. McCowen, M. C., Callender, M. E., and 
Brandt, M. C.: The Anthelmintic Effect of 
Dithiazanine in Experimental Animals, Am. J. 

Trop. Med. 6:894-897, 1957. 

. Most, H.: Treatment of Schistosomiasis, Am. 
J. Trop. Med. 4:455-459, 1955. 

. Mueller, J. F.: Studies on the Microscopical 

Anatomy and Physiology of Ascaris lumbri- 
coides and A. megalocephala, Ztschr. f. Zell- 

forsch. und mikr. Anat. 8:362-400, 1929. 

. Miura, K.: Studies on Chemotherapy Against 

Hookworm Disease; on the Effect of 1-bromo- 


Clinical Pharmacology 
and Therapeutics 


8-naphthol. Jap. J. M. Sc. & Biol. 7:265-273, 
1954. 


. Norton, S., and De Beer, E. J.: Investigations 


on the Action of Piperazine on Ascaris lum- 
bricoides, Am. J. Trop. Med. 6:898-905, 1957. 


. Otto, G. F., and Maren, T. H.: Use of Arse- 


nicals in Filariasis, Ann. New York Acad. Sc. 
50:39-50, 1948. 


. Pena-Chavarria, A., Lizano, C., and Xirinachs, 


H.: The Treatment of Ascariasis With Pipera- 
zine Citrate in Typhoid Fever Patients, Am. J. 
Trop. Med. 6:388, 1957. 


. Peters, L., Bueding, E., Valk, A., Jr., Higashi, 


A., and Welch, A. D.: The Antifilarial Activity 
of Cyanine Dyes (I), J. Pharmacol. 95:212- 
239, 1949. 


. Robbins, B. H.: A Proteolytic Enzyme in Ficin, 


the Anthelmintic Principle of Leche de Higue- 
ron, J. Biol. Chem. 80:251-257, 1930. 


2. Rogers, E. W.: Excretion of Bephenium Salts 


in Urine of Human Volunteers, Brit. M. J. 
2:1576-1577, 1958. 


3. Rosen, E.: Cortisone Treatment of Trichinosis, 


Am. J. M. Se. 223:16-19, 1952. 


4. Sheth, U. K., Kekre, M. S., and Lewis, R. A.: 


Treatment of Ancylostomiasis With Win 5047, 
Antibiotic Med. 3:197-198, 1956. 


5. Shrapnel, B. C.: Oral Emetine in the Treat- 


ment of Intestinal Amebiasis, Am. J. Trop. 
Med. 27:527-544, 1947. 


3. Sodeman, W. A., and Jung, R. C.: Treatment 


of Teniasis With Quinacrine Hydrochloride, 
J.A.M.A. 148:285-286, 1952. 


. Standen, O. D.: The Progress of Degenerat. » 


Changes in Schistosomes Following the Treat- 
ment of Experimental Infections With 1:7 bis 
(p-dimethylaminophenoxy) heptane, Tr. Roy. 
Soc. Trop. Med. & Hyg. 49:416-423, 1955. 


. Stoll, N. R.: This Wormy World, J. Parasitol. 


33:1-18, 1947. 


. Stoner, R. D., and Godwin, J. T.: The Effects 


of ACTH and Cortisone Upon Susceptibility to 
Trichinosis in Mice, Am. J. Path. 29:943-950, 
1953. 


. Swartzwelder, C., Miller, J. H., Frye, W. W., 


and Lampert, R.: Evaluation of the Efficacy of 
Piperazine Adipate for the Treatment of Pa- 
tients With Trichuriasis, J. Parasitol. 42: Sect. 
2, 20, 1955. 


. Swartzwelder, J. C., Muhleisen, J. P., Abadie, 


S. H., Frye, W. W., Jones, C. A., Robertson, 
P. E., and Jones, C. A.: Therapy of Strongyloi- 
diasis With Dithiazanine, Arch. Int. Med. 
101:658-661, 1958. 


. Swartzwelder, J. C., Frye, W. W., Muhleisen, 


J. P., Mille. ~ H., Lampert, R., Pena-Chavar- 
ria, A., Abacse, S. H., Anthony, S. O., and 
Sappenfield, R. W.: Dithiazanine, an Effec- 
tive Broad-Spectrum Anthelmintic, J.A.M.A. 
165: 2063-2067, 1957. 





Volume 1 : eae 
Number 1 Actions and uses of anthelmintics - 103 


53. van Grunderbeeck, R., and Penson, D.: La 54. von Brand, T., Holtz, F., and Vogel, H.: Ex- 
taeniase en Ituri. Recherche d’une méthode de perimentelle Verkalkung unter dem Einfluss des 
déparasitation massive adaptée a I’Ituri. Effets Calcinosefaktors bei befall mit tierischen Para- 
taenifuges de la Camoquin, Ann. Soc. belge siten, Ztschr. f. Parasitenk. 6:308-322, 1933. 
méd. trop. 34:981-998, 1954. 


Sir William Osler, in his still arresting contribution to the Oxford Loose-Leaf Medicine, 
“The Treatment of Disease,” states that: “In the progress of knowledge each 

generation has a double labour—to escape from the intellectual thralls of the one 

from which it has emerged and to forge anew its own fetters.” For this occasion I would 
paraphrase Osler’s sarcastic and rather gloomy statement as follows: Every 

practitioner has to fight a battle on two fronts; on the one hand against the erroneous 
views of preceding generations, though retaining what has proved to be right 

and, on the other, against the ever increasing flow of new therapeutic 

methods, in an attempt to separate the grain from the abundant chaff. Our main 

weapon in this fight is a critical attitude based on knowledge of the subject. 


Our enemies on the first front are Authority, Tradition and Routine. Today 
we shall not dwell on this aspect of the battle; suffice it to say that defeat can 
only be avoided by examining ourselves every day as to the usefulness 

of what we are doing. 


FROM “CRITICAL EVALUATION OF THE EFFICACY OF NEW DRUGS” 
BY J. H. PANNEKOEK, POSTGRADUATE MEDICAL JOURNAL, VOL. 33, 1957. 





Modern treatment of the 


systemic fungus diseases 


For many years the systemic fungus diseases received little attention from the members 


of the medical profession and in the curriculum of the medical schools in the United States. 


Recently there has been a gradual awakening to their importance. The introduction 


of increasing numbers of antifungal chemotherapeutic agents attest this new interest 


in the mycotic diseases. Beneficial or curative specific therapy is now possible for 


many of these diseases which previously were without effective means of treatment. 


E. Richard Harrell, M.D., and Florante C. Bocobo, M.D. Ann Arbor, Mich. 


Department of Dermatology, University of Michigan Medical Center 


The systemic fungus diseases are not 
common, and it is difficult to amass a sig- 
nificant number of patients with any one 
specific deep mycosis in order to evaluate 
clinically any new chemotherapeutic agent. 
This review has attempted to assemble and 
summarize the present-day knowledge of 
the newer antifungal agents. Individual 
consideration is given to the systemic fun- 
gus diseases: coccidioidomycosis, histoplas- 
mosis, North American blastomycosis, South 
American blastomycosis, cryptococcosis, ac- 
tinomycosis, nocardiosis, sporotrichosis, can- 
didiasis, aspergillosis, and mucormycosis. 
Other contaminant fungi, such as species of 
Penicillium and Geotrichum, which at times 
assume a pathogenic role and cause disease, 
are not given individual consideration in 
this paper. 

Since amphotericin B has given the most 
encouraging results of all the antifungal 
agents, greater attention is devoted to this 
antibiotic in this review. 
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Amphotericin B 

Amphotericin B* is a polyene, antifungal 
antibiotic produced by a strain (M4574) of 
Streptomyces nodosus which was found in 
a soil sample obtained at Tembladora near 
the Orinoco River in Venezuela. It was first 
isolated and described by Gold, Stout, Pag- 
ano and Donovick! in 1955 and further 
characterized by others.?° 

Extraction of the whole culture broth in 
which the streptomycete is grown, or of the 
mycelial mat itself, yields a yellowish crude 
product containing amphotericin B, to- 
gether with another active principle labeled 
amphotericin A. The extracting solvents 
used are water-saturated butanol; any of the 
lower alcohols, such as methanol, propanol, 
and, perferably, isopropanol; a water mis- 
cible solvent, like N,N-dimethylformamide 
or dimethyl sulfoxide. The two active prin- 
ciples may be separated from each other 
and purified by differential solution and 
precipitation. Further differentiation may 


*Fungizone, E. R.“Squibb & Sons. 
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be accomplished by specific optical rotation 
and ultraviolet absorption curves. 

Physical and chemical properties.':** 
Amphotericin B is a yellowish powder 
which is relatively insoh ble. It is insoluble 
in anhydrous alcohols, + 2, ethers, chlo- 
roform, benzene, toluer 2, ethyl acetate, gla- 
cial acetic acid, pyridine, or alcoholic po- 
tassium hydroxide. It is soluble only to a 
small extent in water at pH 2 and pH 11. 
Solubilized preparations, however, in the 
form of colloidal dispersions suitable for 
biologic work, have been made possible 
with the use of sodium desoxycholate. A 
melting point cannot be determined as the 
compound darkens and decomposes gradu- 
ally above 170°C. The specific optical rota- 
tion in 0.1 methyl hydroxide-hydrochloric 
acid [a],7*°° is —33.6 and in acid dimethy]- 
formamide [a],7*5°, +333. Its ultraviolet 
absorption curve is characteristic of a con- 
jugated heptaene, like ascosin or tricho- 
mycin. The curve of amphotericin A is that 
of a conjugated tetraene, like rimocidin or 
nystatin. 

Amphotericin B is amphoteric. The neu- 
tralization equivalent when it is titrated as 
a base is 929. It gives a negative ferric chlo- 
ride test and a positive Molisch test and de- 
colorizes potassium permanganate or bro- 
mide-carbon tetrachloride. Elementary an- 
alysis shows carbon, hydrogen, and nitro- 
gen, but not halogen, sulfur, methoxyl or 
acetyl groups. The empirical formula of 
C,,H;,0., has been tentatively assigned to 
it. Evidence indicates a basic moiety of 
aminodesoxyhexose, for which the name 
“mycosamine” has been proposed. 

Assay methods.':*:5-1! With the increasing 
use of amphotericin B, bioassay methods to 
determine the amounts of the drug in bio- 
logic fluids have been described, utilizing 
essentially the tube serial dilution technique 
or the agar diffusion method. These meth- 
ods have not been standardized as yet. The 
test organisms used are Candida albicans, 
Histoplasma capsulatum, and Saccharomy- 
ces cerevisiae. Growth inhibition is meas- 
ured by visual turbidity readings, turbidi- 
metric determinations with the spectropho- 
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tometer, or direct counts of the organisms 
in a hemocytometer chamber. 

Absorption, distribution, and excretion. 
Amphotericin B is poorly absorbed through 
the gastrointestinal tract in mice,!?!° in 
dogs,!* and in man.®8-!2 Only maximal val- 
ues of 0.03 to 0.08 ug per milliliter plasma 
were obtained in dogs 18 hours after a 
single oral dose of 500 mg. of amphotericin 
B. None was detected in the heart, liver, 
or spleen. Only 0.1 per cent of the daily 
dose was excreted in the urine during a 5 
hour period, and 65 to 87 per cent was re- 
covered from the stools during one 24 hour 
period.'* In 13 patients given oral ampho- 
tericin B, the blood levels found were low. 
The spinal fluid frequently showed none, 
or very small amounts, of the drug. Only 
small quantities appeared in the urine.® 

Clinical experience has shown that in pa- 
tients who did not respond to the oral, sub- 
cutaneous, or even intramuscular adminis- 
tration of amphotericin B, assayable serum 
levels of the drug with resultant favorable 
clinical response could be achieved by in- 
travenous infusion.**1°15 The blood level 
dropped considerably during the first 24 
hours after intravenous administration, then 
gradually thereafter. It was still possible to 
demonstrate serum levels a month later." 
The spinal fluid level is low, being 1/30 to 
1/50 of the serum levels. The excretion 
through the urine is small and slow. 

Toxicity in animals.*:* In acute toxicity 
studies with intravenous solubilized ampho- 
tericin B, the estimated lowest lethal dose 
(LD,) and mean lethal dose (LD,,) for 
mice were 1.8 and 2.3 mg. per kilogram of 
body weight and 4.0 and 4.3 mg. per kilo- 
gram of body weight, respectively. In 
chronic toxicity studies, no toxic evidence 
was observed in two groups of 50 mice each 
given amphotericin B intraperitoneally in 
daily doses of from 5 to 100 mg. per kilo- 
gram of body weight for 50 and 71 days, 
respectively. 

Apparently there are species differences. 
In rabbits, 62 per cent of 19 animals died 
10 to 30 minutes after intravenous adminis- 
tration of 5.0 to 6.6 mg. per kilogram of 
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body weight. Death was preceded by a rise 
in the blood urea nitrogen and by tremors 
and convulsions. In dogs, intravenous doses 
as low as 1.0 mg. per kilogram of body 
weight elicited an unusual and specific in- 
testinal reaction, with anorexia, emesis, 
hematemesis, and bloody diarrhea. Autopsy 
showed hemorrhagic involvement of the 
duodenum primarily. Three of 4 monkeys 
given 2.0 mg. per kilogram of body weight 
per day intravenously 5 days a week for 3 
to 4 weeks showed neither acute nor de- 
layed toxicity, except for occasional vomit- 
ing, sclerosis of veins, and elevation of the 
blood urea nitrogen.‘ 

Toxicity in man. Oral amphotericin B is 
relatively nontoxic and, except for occa- 
sional mild gastrointestinal upsets, it is well 
tolerated, even in relatively large doses. 
When given intravenously the drug is more 
toxic, with a maximal tolerated dose of 1.0 
to 1.6 mg. per kilogram of body weight. The 
chief toxic effects encountered are fever, 
nausea, emesis, anorexia, and azotemia, 
with the appearance of cellular and granu- 
lar casts in the urine, as well as hematuria 
and proteinuria. The renal toxicity produced 
by amphotericin B represents the most seri- 
ous drawback to the use of this antibiotic. 
The rise in the blood urea nitrogen which 
may occur during intravenous therapy is 
temporary and, after 2 to 7 days’ rest, nor- 
mal values are obtained. The antibiotic ther- 
apy can then be safely continued. The other 
toxic manifestations can be partially con- 
trolled by the use of chlorpromazine in a 
dosage of 50 mg. administered prior to the 
amphotericin B therapy, and soluble hydro- 
cortisone in a dosage of 20 mg. administered 
with the intravenous amphotericin B sus- 
pension. There is question as to the wisdom 
of administering steroid hormones to pa- 
tients with granulomatous disease; how- 
ever, there has not yet been evidence of 
undesirable effect. The intravenous solution 
of amphotericin B should be administered 
by slow drip, and adjusted so that a mini- 
mum of 6 hours is required for the full 
daily dose. Toxicity can be minimized by 
strict attention to this simple procedure. 
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The drug is best tolerated if administered 
every other day, rather than on consecutive 
days. 

Antifungal spectrum. The results of the 
early in vitro studies!*!*:13.1" indicating 
marked fungicidal action of amphotericin 
B against a wide variety of pathogenic 
fungi, especially the systemic species Can- 
dida albicans, Cryptococcus neoformans, 
Blastomyces dermatitidis, Blastomyces bra- 
siliensis, Sporotrichum schenckii, and Histo- 
plasma capsulatum, have been substanti- 
ated by favorable findings in laboratory 
animal infections,?:1?:13:18-20 and by an ex- 
panding clinical experience in the treatment 
of human infections due to these fungi. 
Amphotericin B has no significant antibac- 
terial activity. 

Dosage and administration. The most ef- 
fective mode of administration is by intra- 
venous infusion. The parenteral soluble 
preparation of the drug comes as a sterile, 
lyophilized powder in vials each containing 
50 mg. of amphotericin B and 41 mg. of 
sodium desoxycholate with a sodium phos- 
phate buffer. Inasmuch as saline solution 
causes precipitation of the antibiotic, the 
recommended solvent is 5 per cent dextrose 
in water. The optimum concentration is be- 
tween 0.1 mg. and 0.5 mg. per milliliter 
solution. 

The optimum adult dose is 50 mg. per 
day, although the drug should be initially 
given at a dose of 25 mg. per day and grad- 
ually increased, depending upon the reac- 
tion of the patient. If toxicity develops with 
daily administration, the drug may be given 
on alternate days, or even stopped tempo- 
rarily and resumed at a lower dosage level. 
The treatment course usually runs from 20 
to 60 days, but may be longer if the clinical 
response of the patient is not satisfactory 
within that period. 

When especially indicated, amphotericin 
B may be administered orally (2 to 10 Gm. 
daily), intrathecally (up to 1 mg. every 
other day), intramuscularly, intra-articu- 
larly (up to 25 mg. every other day), as an 
aerosol intrapulmonary spray (5 mg. every 
6 hours ), intrathoracically (up to 3 mg.), or 
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into the cutaneous lesions (up to 25 mg. 
with 2 per cent procaine every other day ).”! 


Coccidioidomycosis 


Coccidioidomycosis is one of th< ' 
prevalent and important of the deep n.v- 
coses. It is caused by Coccidioides immitis, 
a fungus indigenous to the arid regions of 
the southwestern United States. The prin- 
cipal focus of coccidioidomycosis is loca- 
lized to the San Joaquin Valley of Califor- 
nia, with known endemic areas in Nevada, 
Arizona, New Mexico, Texas, and northern 
Mexico.?? Although the disease is acquired 
only in these areas, it has become a prob- 
lem to all physicians regardless of their 
geographic location, for travel ultimately 
takes a large percentage of the United 
States population into the endemic areas. 
The arthrospore phase of Coccidioides im- 
mitis has been isolated from soil specimens, 
especially those taken from the burrows of 
desert rodents. These animals may serve as 
the reservoir for this disease.?*:2* Once in- 
fection develops in the human, the arthro- 
spore, or vegetative phase of Coccidioides 
immitis, changes to a spherule stage. The 
spherule, which is laden with endospores, is 
seen on microscopic examination of in- 
fected human tissue. The organisms, which 
are quite characteristic in their shape, are 
normally 20 to 80 » in diameter.” These 
spherules grow quite readily on artificial 
agar, producing a fluffy, white to brownish- 
white aerial hyphal growth, which segments 
into closely jointed structures called arthro- 
spores. Such cultures are highly infectious 
and must be handled with great care by 
laboratory personnel.?6 There has been no 
known instance of human-to-human trans- 
mission of this disease. 

Except for the rare instance of primary 
cutaneous inoculation coccidioidomycosis, 
the disease is acquired by inhalation of the 
causative arthrospore. When cutaneous in- 
oculation occurs, a primary ulcerative gran- 


‘ uloma resembling primary inoculation tu- 


berculosis develops at the site of the inocu- 
lation. Satellite lymphadenopathy then de- 
velops, and the disease has been reported 
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to run a completely benign course without 
evidence of dissemination.2* Following in- 
halation of the causative agent by a previ- 
ously uninfected person, the disease is 
usually confined to a focal area of the lungs, 
producing such mild disease that 70 per 
cent of the cases remain subclinical and 
unrecognized.?? When symptoms occur, 
they are those of upper respiratory infec- 
tion, usually revealing on roentgenograms 
of the chest areas of patchy infiltration, 
nodular infiltration, and pneumonitis, along 
with occasional pleural effusion and hilar 
lymphadenopathy. This type of patient may 
develop allergic manifestations such as ery- 
thema nodosum, erythema multiforme, or 
urticarial eruptions. Total healing takes 
place within a matter of several weeks to 
several months. Approximately 5 per cent 
of patients who have severe primary pul- 
monary coccidioidomycosis will be left with 
residual manifestations, consisting of thin- 
walled pulmonary cavitation. A much 
smaller percentage, less than 0.5 per cent 
of white-skinned persons, will develop dis- 
seminated coccidioidomycosis following pri- 
mary pulmonary inhalation.2? The Negro 
and Filipino are much more susceptible to 
the development of disseminated coccidioi- 
domycosis than is the Caucasian.2* When 
dissemination occurs, the spherules are 
spread via the blood stream and lymphatics 
throughout the body. There is no organ 
system which is immune to the develop- 
ment of coccidioidomycosis. 

Treatment. No discussion of the therapy 
of coccidioidomycosis would be complete 
without mention of the immunology of the 
disease. Smith?®*° has demonstrated very 
conclusively that a rising complement fix- 
ing antibody titer very closely parallels dis- 
semination of the organism. As the comple- 
ment fixing antibody titer rises, it is prob- 
able that the coccidioidin skin test sensitiv- 
ity will be lost. 

Until amphotericin B became available in 
1956, there was no effective chemothera-: 
peutic means of treating disseminated coc- 
cidioidomycosis. Prior to that time, the aro- 
matic diamidines had been given a more 
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than adequate trial.*!*+ They were not ef- 
fective in producing the same clinical im- 
provement found with their use in North 
American blastomycosis. It must be con- 
cluded that they have little or no value in 
the treatment of disseminated coccidioido- 
mycosis. The antibiotic, nystatin,* shows 
in vitro inhibition of Coccidioides immi- 
tis.3537 This drug, when administered in- 
travenously or intramuscularly, causes se- 
vere chills, fever, malaise, and emesis to 
such extent that it is no longer in use. The 
oral absorption of nystatin from the gas- 
trointestinal tract is so poor that no clinical 
effect can be obtained by the administration 
of the drug via this route. The broad-spec- 
trum antibiotics, oxytetracycline, chlortet- 
racycline, tetracycline, penicillin, as well as 
the sulfonamides, have not shown any in 
vitro inhibitory effect on Coccidioides im- 
mitis.28 The sex hormone, diethylstilbestrol, 
has been reported to show in vitro effect on 
Coccidioides immitis; however, no clinical 
response has been obtained from such ther- 
apy.*® Consistently good results have also 
been lacking with testosterone, methyltest- 
osterone, and testosterone propionate.*® 
There was evidence that the antibiotic, pro- 
toanemonin, would be clinically effective; 
however, this has not been substantiated.*! 
Sodium caprylate, ethyl vanillate, fradicin, 
thiolutin, and prodigiosin have been inef- 
fective in the treatment of the systemic form 
of the disease.*?* Many other chemothera- 
peutic agents besides those mentioned have 
been tried in this systemic fungus disease. 
They have all been universally ineffective 
in controlling the spread of the causative 
agent, or preventing death from the disease. 

Amphotericin B is the treatment of choice 
for coccidioidomycosis, when therapy is in- 
dicated. Indications for treatment include: 
(1) primary pulmonary coccidioidomyco- 
sis in the Negro or Filipino, (2) a residual 
pulmonary cavity, which is increasing in 
size and causing increasing hemoptysis, or 
which has ruptured with spontaneous pneu- 
mothorax or empyema, (3) rising comple- 
ment fixing antibody titer well beyond the 
~~ ®Mycostatin, E. R. Squibb & Sons. 
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time of the primary pulmonary infection, 
(4) any clinical evidence of dissemination 
of the disease, (5) any type of surgical 
procedure, particularly corrective pulmon- 
ary surgery, (6) pregnancy, since this con- 
dition is associated with an increased risk 
of dissemination. The first case report of the 
use of amphotericin B in coccidioidomycosis 
was by Halde, Newcomer, Wright, and 
Sternberg.’ This preliminary report re- 
corded a failure, from the use of the drug 
administered orally. The second report by 
Fiese**® recorded a favorable response from 
large amounts of amphotericin B given 
orally. Klapper, Smith, and Conant*® re- 
corded an apparent cure with orally admin- 
istered amphotericin B in amounts of 4 Gm. 
per day for 10 months, followed by 2 Gm. 
per day for an additional 4 months. Other 
authors**:48 have reported failures following 
the use of amphotericin B given orally. It 
is apparent that the greatest effect from 
this drug is obtained when it is administered 
intravenously. Littman, Horowitz, and 
Swadey® have reported excellent results 
with the intravenous use of amphotericin B 
in 4 patients with disseminated coccidioido- 
mycosis. Other authors**:4® have also re- 
ported benefit from this antibiotic when 
given in adequate amounts intravenously. 
It is difficult to understand why the 3 pa- 
tients with disseminated coccidioidomycosis 
discussed by Utz, Treger, McCullough, and 
Emmons” failed to show any response fol- 
lowing an adequate intravenous course of 
this drug. It is not likely that these 3 pa- 
tients had strains of Coccidioides immitis 
which had become resistant to amphoteri- 
cin B. Such resistance has been artifically 
developed in vitro.5! We have had the oc- 
casion to treat one patient with coccidioi- 
domycosis with intravenous amphotericin 
B. In April, 1957, a 28-year-old white male 
U.S. Army veteran was seen at the Univer- 
sity Medical Center in Ann Arbor, Michi- 
gan, for an isolated cavity of the right upper 
lung. The patient related that he had been 
aware of the cavity for the 5 years follow- 
ing his discharge from the U.S. Armed 
Forces. He had been stationed in the San 





Volume 1 
Number 1 


Joaquin Valley during part of his time in 
the United States Army. One unsuccessful 
attempt at surgical removal of the cavity 
had been performed elsewhere before the 
patient was seen by us. The case was in- 
terpreted as one of a solitary, thin-walled 
cavity as the sole remaining evidence of 
previous primary pulmonary coccidioidomy- 
cosis. No evidence of dissemination was 
present. Coccidioides immitis was readily 
found on examination of the patient’s 
sputum, and positive cultures were ob- 
tained on Sabouraud’s glucose agar. The 
patient’s chief complaint was that of in- 
creasing hemoptysis. He did not desire 
further surgery. He was treated with am- 
photericin B, administered in a daily dosage 
of 50 mg. dissolved in 1,000 c.c. of 5 per cent 
glucose in water given by slow intravenous 
drip on consecutive days for 20 days. He re- 
ceived a total dose of 1.0 Gm. of amphoteri- 
cin B. By the time the patient had received 
the sixth injection of amphotericin B, his 
sputum became mycologically negative, and 
all evidence of hemoptysis ceased. He 
ceased to raise sputum altogether by the 
time the course of 1.0 Gm. of the drug had 
been given. He developed a mild febrile re- 
sponse and nausea with each intravenous 
injection. Prior to the institution of ampho- 
tericin B therapy, the cavity measured 3 
cm. in diameter by x-ray examination. One 
year following the amphotericin B therapy, 
the patient had remained completely 
asymptomatic. There was still x-ray evi- 
dence of pulmonary cavity; however, it had 
decreased in size to approximately 1 cm. 
in diameter. He has since been lost from 
our observation. This patient had a nega- 
tive coccidioidin skin test, and his serum 
was negative for complement fixing anti- 
bodies. 

Although a very limited number of pa- 
tients have been reported to be treated with 
amphotericin B via the intravenous route, 
there is good evidence that this rather toxic 
‘antibiotic has a profound in vivo antifungal 
effect. The optimum total dose of ampho- 
tericin B remains to be determined. 

Surgical excision of an isolated pulmonary 
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cavity should be considered if the cavity 
cannot be closed by amphotericin B therapy 
or by pneumothorax or pneumoperitoneum. 
Complications accompanying pulmonary 
operation for coccidioidal cavities have 
been few, but relatively serious. Any surgi- 
cal procedure performed on a patient with 
coccidioidomycosis should be accompanied 
by amphotericin B therapy. 


Histoplasmosis 


Numerous epidemiologic studies and his- 
toplasmin skin test surveys have radically 
changed the old concept of histoplasmosis 
as being a rare and fatal disease. It is now 
known on all continents, with the highest 
reported endemicity in the East Central 
states of the United States bordering the 
tributaries of the Ohio, Missouri, and Mis- 
sissippi rivers.5?53 In these endemic areas, 
the incidence of histoplasmin reactors may 
reach the figures of 80 to 90 per cent of the 
population. 

The disease is caused by Histoplasma 
capsulatum, which is dimorphic like Blas- 
tomyces dermatitidis, Blastomyces brasili- 
ensis, and Sporotrichum schenckii. The tis- 
sue forms are small, 1 to 5 » in size, round or 
oval, yeastlike budding organisms, predom- 
inantly located in reticuloendothelial cells. 
The saprophytic phase is mycelial, produc- 
ing characteristic tuberculate chlamydo- 
spores which are considered as the infective 
structure of the organism in natural ex- 
posures. The reservoir in nature is the soil, 
as indicated by repeated isolation of the 
organism from soil samples—particularly 
those associated with chicken and bat drop- 
pings from endemic areas and from point 
sources of reported epidemics.** Evidence 
points to histoplasmosis as being an air- 
borne infection, with the respiratory tract 
as the major portal of entry. Under normal 
conditions of exposure the infection may be 
so mild as to be asymptomatic; or, if symp- 
tomatic, after an incubation period of 5 
to 15 days, it may appear as an influenza- 
like or respiratory condition, usually mis- 
taken for a common cold, tuberculosis, 
bronchopneumonia, or other nonmycotic 
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ailments. The x-ray findings are hilar ad- 
enopathy and/or parenchymal infiltrates. 
Precipitins and complement fixing anti- 
bodies appear, and the histoplasmin skin 
test becomes positive. As a rule, the patient 
recovers after a few weeks, although the 
pulmonary lesions may persist and eventu- 
ally become calcified. Not more than 1 per 
cent of the primary infections progress to 
the disseminated, fatal form, although re- 
cently more and more cases of the chronic 
progressive pulmonary type of histoplas- 
mosis (which closely resembles chronic fi- 
brocaseous pulmonary tuberculosis ) are be- 
ing recognized, particularly in tuberculosis 
sanatoria.*»> The disseminated form with 
fever, weakness, anemia, wasting, and hepa- 
tosplenomegaly is the classical clinical pic- 
ture by which histoplasmosis was _previ- 
ously known. 

Histoplasmosis is generally regarded as 
a protean disease running the gamut of 
symptomatology from a mild, almost sub- 
clinical upper respiratory infection to an 
overwhelming, fatal septicemia, with the 
clinical picture related to the sites involved. 
Furcolow** described the following clinical 
types: 

1. Severe 

a. chronic progressive (reinfection or 
cavitary ) 
b. acute progressive 
c. acute epidemic 
Moderately severe 
Mild 
. Asymptomatic 

The significance of immunologic phenom- 
ena in histoplasmosis parallels that in coc- 
cidioidomycosis and North American blas- 
tomycosis.°* Precipitins and complement fix- 
ing antibodies become measurable during 
the early stage of the infection. They disap- 
pear as the illness subsides, thus indicating 
the severity and extent of the disease proc- 
ess. The skin hypersensitivity, as demon- 
strated by the histoplasmin skin test, de- 
velops from 4 to 6 weeks after the onset 
of the disease and persists for many years. 
Its significance is similar to that of the tu- 
berculin test, indicating a past or present 


Clinical Pharmacology 
and Therapeutics 


infection. It may be used as a measure of 
resistance of the body to the infection. ‘The 
complement fixation test and the histoplas- 
min skin test are interpreted together for 
diagnostic and prognostic purposes and are 
valuable tools in the evaluation of the ef- 
fectiveness of the treatment instituted. 

Treatment. The extreme variation in the 
clinical picture and course of histoplasmosis 
makes the evaluation of therapeutic modali- 
ties difficult. Immunologic mechanisms ap- 
parently play a significant role and should 
be considered in the response of the patient 
to therapy, which varies markedly depend- 
ing upon the severity and clinical type of 
the infection. This becomes important in 
the absence of an effective etiological treat- 
ment. 

The acute primary pulmonary infection 
is generally benign and self-limited, thus 
nonspecific supportive and symptomatic 
measures suffice. Many patients do not even 
seek medical assistance. However, this type 
of case may occasionally become severe 
enough to threaten the life of the patient 
as may occur in the acute epidemic form 
with unduly massive exposure to the infec- 
tive organism.®* The «,. ‘tion of the use of 
steroids in these cases hy * raised in 
spite of their known associatim. ith dan- 
gerous spread of infectious prc-esses. Al- 
though Baum, Adriano, and Schwarz*® 
failed to observe any influence of cortisone 
on the dissemination of experimental histo- 
plasmosis, others®-®? obtained evidence of 
wider spread. In clinical trials, certain au- 
thors noted an association of the spread of 
the infection with administration of ster- 


’ oids,®-® while others thought that the ster- 


oids contributed to the clinical improvement 
and the clearing of lesions.®*®* A special in- 
dication for the use of steroids in histoplas- 
mosis has been pointed out by Schwartz® 
and Packard, Finkelstein, and Turner.” 
Carefully controlled administration of ster- 
oids may even prove lifesaving by virtue 
of their anti-inflammatory and antitoxemic 
effects in patients threatened by a self- 
limited but massive acute pulmonary infec- 
tion with severe toxemia and high fever. 





Volume 1 
Number 1 


The drugs, however, should not be given 
during the first 2 weeks of illness when the 
body has not yet had the chance to build 
up adequate immunologic defense. The 
risk of dissemination may be minimized by 
the concomitant administration of one of 
the more successful histoplasmostatic agents 
as was done by Tegeris and Smith,** who 
used cortisone and MRD-112. The use of 
amphotericin B as an antifungal “cover” 
may be more promising. 

The problems encountered in the man- 
agement of chronic pulmonary _histoplas- 
mosis are similar to those in chronic pul- 
monary tuberculosis.®° The indications for 
sanatorial treatment, supportive and symp- 
tomatic measures, and surgical intervention 
are similar, except for the lack of an ac- 
cepted specific drug in histoplasmosis. Sur- 
gical excision of localized lesions has proved 
of definite value.*!"4 

The almost uniformly fatal course of pro- 
gressive disseminated histoplasmosis high- 
lights the need for an effective specific 
drug. The newer drugs that have shown a 
certain measure of success are ethyl vanil- 
late, B-diethylaminoethyl fencholate 
(MRD-112), and sulfadiazine, but they are 
being discarded in favor of the more effec- 
tive amphotericin B. The aromatic diami- 
dines and nystatin are generally considered 
ineffectual in clinical trials. 

Ethyl vanillate (ethyl-4-hydroxy-3-meth- 
oxybenzoate) was first used clinically in 
1951 by Christie, Middleton, Peterson, and 
McVickar* on 12 children with dissemi- 
nated histoplasmosis. Five recovered. Sub- 
sequent trials by other authors’*** gave 
variable results. The drug is administered 
orally in large doses up to 40 Gm. It causes 
distressing gastrointestinal irritation and 
serious toxic reactions, with a narrow mar- 
gin of safety between the toxic and the 
therapeutic doses. These are distinct dis- 
advantages, especially with the introduction 
of other drugs, equally effective but less 
toxic. 


Ludwig, Murray, Smith, Thompson, and 


Werner®> demonstrated the in vitro anti- : 


fungal activity of MRD-112 at a concentra- 
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tion of 0.1 mg. per milliliter of medium. As 
with ethyl vanillate, the therapeutic results 
in humans with the use of MRD-112 have 
been inconsistent.®*-84.5¢91 The drug is given 
for 1 to 2 months in daily doses of 150 to 
600 mg. as a slow intravenous drip. Except 
for some evidence of hepatic degeneration, 
it has not shown serious toxicity. 

The results of laboratory studies on the 
in vitro and in vivo antifungal activity of 
the sulfonamides on Histoplasma capsula- 
tum have been contradictory, although the 
recent reports of Mayer, Eisman, Geftic, 
Konopka, and Tanzola®? and Louria and 
Feder®* agreed on their effectiveness in 
protecting mice against experimental histo- 
plasmosis. The clinical use of sulfonamides 
in human histoplasmosis has generally been 
regarded as disappointing. There are, how- 
ever, reports of favorable results, and, re- 
cently, Christie*t has reinvestigated the 
problem by treating 3 cases of progressive 
disseminated histoplasmosis and 2 cases of 
the ulceroglandular type with sulfonamides. 
All five achieved clinical remission. It is to 
be noted that Latin-American authors have 
taken exception to the general opinion that 
sulfonamides are ineffective in histoplas- 
mosis. Their successful experience in im- 
proving the prognosis of South American 
blastomycosis with the use of sulfonamides 
has led to their use of these drugs in cases 
of histoplasmosis, resulting in more satis- 
factory clinical responses and a number of 
apparent clinical cures through the admin- 
istration of large doses for prolonged peri- 
ods.®*-1°! Cordero’ felt that most of the re- 
ported clinical failures were due to rela- 
tively small doses or short periods of ad- 
ministration. As in South American blas- 
tomycosis, the sulfonamide preparations, 
particularly sulfadiazine, are given orally in 
daily doses of 3 to 6 Gm. for months. 

The best therapeutic results so far have 
been obtained with the use of amphotericin 
B. The number of cases reported is still 
relatively small, and the periods of post- 
treatment observation still too short for 
exact evaluation of its value; but the pre- 
liminary findings are certainly promising. 
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The inhibitory in vitro concentration of the 
drug against Histoplasma capsulatum is 
very low, as little as 0.04 yg per milliliter 
of medium.!*:15,102 The drug is highly pro- 
tective in experimental histoplasmosis in 
animals.?:1%.20.103 Amphotericin B has been 
tried on at least 34 cases of human histo- 
plasmosis.11:16.20,50,91,104-110 Two patients 
with acute pulmonary histoplasmosis im- 
proved. Although the fall in temperature 
and the rapid resolution of the infiltrates 
coincided with the institution of therapy 
with amphotericin B, the claim of improve- 
ment is at most suggestive in view of the 
good prognosis of this form of histoplas- 
mosis. Nine cases of the chronic pulmonary 
type were treated. The symptoms were ar- 
rested in one, improved in 7, and no change 
appeared in one case with oral administra- 
tion of 2.0 to 4.0 Gm. of the drug daily for 
40 days. Eighteen cases of progressive dis- 
seminated histoplasmosis were treated. 
Seven clinical remissions were observed, 
with follow-up periods ranging up to 18 
months. Nine patients improved dramatic- 
ally. One also showed improvement with 
oral treatment, but died in 7 months. Three 
other deaths occurred, but the drug was 
administered only a few times during the 
terminal stages of the disease. Certainly 
these figures are unparalleled. 


North American blastomycosis 


North American blostomycosis is caused 
by the fungus, Blastomyces dermatitidis, 
an organism which grows readily on Sabou- 
raud’s glucose agar at room temperature as 
a filamentous mold, and on blood agar at 
37° C. as a yeastlike fungus. The tissue 
phase of the fungus appears as a character- 
istic single-budding structure of 5 to 15 » 
in diameter, and exhibits a refractile cell 
wall from which the protoplasm has often 
shrunk away, giving a double-contoured ap- 
pearance. The polysaccharide wall of the 
organism is well demonstrated in tissue by 
means of the periodic acid—Schiff stain. The 
diagnosis of North American blastomycosis 


can be established by cultures or by the 


finding of the causative agent on direct 
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microscopic examination of pus obtained 
from the cutaneous lesions or from other in- 
fected clinical material. 

North American blastomycosis is most 
frequently encountered in the Southern, 
Southeastern, and Midwestern areas of the 
United States. Cases of the disease have 
been reported sporadically from other geo- 
graphic areas of the United States as well as 
Canada.1!! There is doubt that the disease 
has been acquired outside of the North 
American continent, even though case re- 
ports from other continents are in the medi- 
cal literature. Blastomyces dermatitidis has 
not, as yet, been isolated from the soil in 
which it must logically exist.* The organ- 
ism shows a decided tendency to produce 
disease in the male sex. Reported ratios of 
men to women average approximately ten 
to one.'!3-115 The disease has now been re- 
ported in siblings'!? and develops in all age 
groups. One small epidemic of North Ameri- 
can blastomycosis has recently been re- 
ported.12 

North American blastomycosis is nearly 
always acquired by inhalation of the causa- 
tive fungus. This somewhat revolutionary 
thought was first advanced by Schwarz and 
Baum,'!* and it has been slow to be gen- 
erally accepted. The rare person who has 
had known primary cutaneous inoculation 
blastomycosis has followed a clinical pat- 
tern resembling that of primary inoculation 
tuberculosis or sporotrichosis.'‘" 115 There 
has been no instance recorded of known pri- 
mary inoculation blastomycosis developing 
into a systemic blastomycosis. There is now 
evidence that a subclinical form of pulmon- 
ary blastomycosis occurs, similar to that en- 
countered in coccidioidomycosis and histo- 
plasmosis.1!*:113.115 The blastomycetes are 
disseminated from the lungs via the blood 
stream and lymphatics to other organs of 
the body, with a predilection for the skin, 
subcutaneous tissue, and bone. Pulmonary 
blastomycosis mimics most of the other deep 
mycoses, as well as tuberculosis, while the 
cutaneous granulomas also closely simulate 
tuberculosis, tertiary syphilis, other deep 
mycoses, and certain drug eruptions. 
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Treatment. The therapy of North Ameri- 
can blastomycosis should not be discussed 
without emphasis, first, upon the impor- 
tance of correlating the results of therapy 
with the immunologic status of the patient. 
Smith!!® was the first to recognize that the 
prognosis of a patient with blastomycosis is 
dependent to a large extent upon the im- 
munologic response of the individual. The 
prognosis is best in patients who have a 
positive blastomycin skin test and no de- 
monstrable complement fixins serum anti- 
bodies. Spontaneous cure has been re- 
ported!!? in a patient who exhibited this 
immunologic pattern. The prognosis is poor- 
est in those patients who have a negative 
blastomycin skin test and a high titer of 
complement fixing serum antibodies. 

2-Hydroxystilbamidine and amphotericin 
B, both administered intravenously, repre- 
sent the two present choices for chemo- 
therapy of North American blastomycosis. 
Evidence is accumulating that amphotericin 
B will prove to be superior to 2-hydroxystil- 
bamidine. The use of 2-hydroxystilbamidine 
in generalized North Americ~n blastomyco- 
sis was first reported by Snapper, Schneid, 
McVay, and Lieben.!*° This aromatic di- 
amidine does not cause the toxic neurologi- 
cal effect which was almost universally re- 
corded with stilbamidine when the latter 
drug was given in doses greater than 1 
Gm.!2°125 Very excellent reviews have 
been reported on the aromatic diami- 
dines.!29.126.127 9-Hydroxystilbamidine has 
gained widespread acceptance in the ther- 
apy of North American blastomycosis.3*:1): 
128 This drug is supplied in vials of 225 mg. 
The. dose of 450 mg. of the drug is as well 
tolerated as is the smaller 225 mg. dose. 
This amount of 2-hydroxystilbamidine is 
dissolved in 500 to 1,000 c.c. of 5 per cent 
dextrose solution or isotonic saline and ad- 
minictered intravenously by slow drip. The 
so!.. om is made up each day, just prior 
to its administration. Care should be taken 
to keep the drug from direct sunlight, since 
it has been well documented that toxicity 
of the compound increases upon exposure 
to direct sunlight. The drug is administered 
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on consecutive days, although rest periods 
of days to weeks may safely be given. A 
course of 9.0 Gm. of 2-hydroxystilbamidine 
represents an adequate course of the drug. 
Healing of the cutaneous lesions and symp- 
tomatic improvement are usually noted by 
the end of the second week of therapy. 
Complete healing has usually taken place 
by the end of the first month following the 
cessation of therapy. 2-Hydroxystilbamidine 
is deposited in various organs, especially 
the liver, kidneys, adrenals, sweat glands, 
and skin,!2°1°* and continued improvement 
occurs for at least several weeks following 
the last administration of the drug. 

There are reports documenting relapse 
of North American blastomycosis following 
adequate amounts of aromatic diamidine 
therapy.!?°-151 Most of these recurrences 
have been in individuals who have contrib- 
uted little to their own immunologic de- 
fense, as evidenced by negative blastomy- 
cin skin tests and positive complement fix- 
ing antibudy tests. There is also evidence 
that resistance to 2-hydroxystilbamidine is 
developed by specific strains of Blastomyces 
dermatitidis.** 

Intravenous amphotericin B therapy has 
proved effective in 8 cases of North Ameri- 
can blastomycosis treated at the University 
of Michigan Medical Center."'® Five of 
these successes occurred in patients who 
had exhibited repeated relapses following 
massive amounts of aromatic diamidine 
therapy.1!8 Utz, Treger, McCullough, and 
Emmons*® have reported 4 cases of sys- 
temic North American blastomycosis treated 
with intravenous amphotericin B. One of 
these 4 patients received only 110 mg. total 
amount of the drug. This does not represent 
an adequate amount of therapy. The other 
3 received between 2.2 and 5.1 Gm. of am- 
photericin B in daily amounts varying be- 
tween 30 and 45 mg. per dose. This aver- 
aged between 0.5 and 0.6 mg. per kilogram 
of body weight. These 3 patients are re- 
ported to have made apparent recovery, al- 
though an adequate follow-up time has not 
yet elapsed to evaluate these results thor- 
oughly. Toxic symptoms in the form of 
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nausea, vomiting, marked anorexia, chills, 
and fever were reported in the same pa- 
tients. Nevertheless, these authors conclude 
that amphotericin B is the drug of choice 
for disseminated North American blastomy- 
cosis. 

Five of the 8 patients reported upon by 
us received but 1.0 Gm. of amphotericin B 
as a total dose. All 5 of these patients have 
apparently been cured, with a follow-up 
time varying from 11 to 29 months. Three 
of our 8 patients have had a relapse fol- 
lowing amphotericin B therapy. One of 
these 3 was the first patient we treated 
with this antibiotic, and in retrospect we 
realize that he had received an inadequate 
amount of the drug when first treated. He 
was then given 1.0 Gm. of the drug, bring- 
ing his total dose to 1.5 Gm. He is ap- 
parently cured at the present time, being 26 
months post treatment. The 2 other patients 
who suffered a relapse have received 4.0 
and 4.5 Gm. of amphotericin B, respec- 
tively. These 2 patients had had wide- 
spread disease for many years prior to 
amphotericin B therapy. Each course of re- 
treatment with this antibiotic has proved 
to be effective in producing temporary ces- 
sation of all signs and symptoms of active 
disease. These two patients are currently 
14 and 15 months post treatment without 
evidence of active infection. It appears to 
us that a smaller total dosage of amphoteri- 
cin B is required in the treatment of North 
American blastomycosis than is required in 
the therapy of any of the other systemic 
mycoses. The dosage of 50 mg. of ampho- 
tericin B given by slow intravenous drip, 
with the concomitant use of judicious 
amounts of steroid hormones and chlor- 
promazine at intervals of every other day, 
to a total dose of 1.0 Gm., represents the 
most effective means at hand of curing 
North American blastomycosis. 

The oral form of amphotericin B is poorly 
absorbed, and, in spite of the one case1** re- 
porting benefit from such oral administra- 
tion, we do not feel that this form of ampho- 
tericin B therapy should be given further 
trial. 
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Prior to the use of the aromatic diamidine 
and amphotericin B, a number of drugs had 
been tried for this disease. None of them 
have proved consistently effective. A satu- 
rated solution of potassium iodide adminis- 
tered orally and in increasing amounts had 
proved the only form of therapy which 
promised any beneficial effect. The cures 
which have been reported from the use of 
iodides usually occurred in individuals with 
the immunologic status of a positive blas- 
tomycin skin test and no complement fixing 
serum antibodies. More recently, Corn- 
bleet!** has advocated the use of a solution 
of potassium iodide plus thyroid extract in 
the treatment of North American blastomy- 
cosis. The 9 patients included in his report 
responded impressively to this form of ther- 
apy. There have been no follow-up or cor- 
roborative studies reported. There is doubt 
that there is any remaining place for iodide 
therapy or any of the older means of ther- 
apy advocated prior to the introduction of 
2-hydroxystilbamidine. 


South American blastomycosis 


South American blastomycosis has been 
reported almost exclusively from South 
America, especially from Brazil. With in- 
creased opportunities for travel and greater 
population movements, however, cases may 
be encountered in countries distant from 
the known endemic areas, as exemplified 
by occasional reports from Germany,'*® 
Italy,1°* and the United States.197.158 

The causative organism, Blastomyces 
brasiliensis, is a dimorphic fungus with fila- 
mentous growth at room temperature and 
yeastlike morphology at 37° C. The organ- 
ism is characterized by multiple budding. 
Even though it has not been isolated yet 
from soil or plants, evidence points to a 
saprophytic phase in nature. The portal of 
entry is mainly the mucous membranes of 
the mouth, pharynx, or respiratory tract, ac- 
counting for the preponderant occurrence 
of the granulomatous lesions in these areas. 
From these locations, the infection dissemi- 
nates through the blood stream and the 
lymphatic system to affect any organ, caus- 
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ing grave septicemic lesions. The lymph 
nodes and gastrointestinal tract are com- 
monly involved. Lacaz!*® described the fol- 
lowing anatomoclinical forms: (1) muco- 
cutaneous, (2) ganglionary (lymphatic), 
(3) visceral, (4) mixed, and (5) blastomy- 
cosis associated with neoplasms and other 
infectious diseases. 

Experience with the paracoccidioidin skin 
test and complement fixation test in South 
American blastomycosis is as yet limited 
and the results inconsistent.** Better stand- 
ardization and more studies may yet prove 
these procedures as valuable in the diag- 
nosis and prognostication of South Ameri- 
can blastomycosis as of coccidioidomycosis, 
histoplasmosis, and North American blasto- 
mycosis. 

Treatment. The prognosis of South Amer- 
ican blastomycosis is generally grave. In 
some cases death may occur in 6 months, 
but the usual patient suffers through 2 to 4 
years. The use of iodides, arsenicals, bis- 
muth, gold, antimony, and certain dyes, like 
malachite green and methylene blue, had 
not modified significantly the serious course 
of the disease. However, since Ribeiro first 
treated a group of patients with sulfona- 
mides in 1940 and obtained favorable re- 
sults, the prognosis in this disease has been 
greatly improved. The response to sulfon- 
amide therapy is satisfactory and the life 
expectancy of the patient is increased. Even 
biologic cures, though relatively few, have 
been claimed. To attain these, the adminis- 
tration of the drug must be early, intensive, 
and prolonged. Any of the sulfonamide 
preparations may be used singly or in com- 
bination. Sulfamerazine, Gantrisin, and, es- 
pecially, sulfadiazine are preferred. The 
daily oral dose is 1 to 2 Gm. every 4 to 6 
hours. In this way the effective blood level 
of 10 to 15 mg. per 100 ml. is attained and 
must be maintained continuously for long 
periods of time, even after apparent clini- 
cal cure. Relapses are common, particularly 
‘when administration of the drug is sus- 
pended. The recurrences are resistant to 
the resumption of therapy. The protracted 
administration of such large doses of sul- 


Treatment of systemic fungus diseases 115 


fonamides that the total dose may reach 
even a few thousand grams entails the risk 
of toxicity. Periodic examinations for such 
toxic effects should be made. 

In spite of the notable improvements at- 
tained with sulfonamides, the relapses, the 
toxicity of or intolerance to the drugs, the 
few actual mycologic cures, and the pro- 
tracted therapy comprise the incentive to 
search for better agents. The antibacterial 
antibiotics are ineffective, as are ethyl va- 
nillate’#? and nystatin.‘*! Floch and Sac- 
charin!*2 claimed a clinical cure with 4,4’- 
diaminodiphenyl] sulfone (DDS). 

The hope that the favorable therapeutic 
effect of stilbamidine or 2-hydroxystilbam- 
idine on North American blastomycosis 
would be of the same magnitude, if not 
greater, on South American blastomycosis 
has not been fulfilled. Blastomyces brasili- 
ensis clinically has proved much less sen- 
sitive.138.143,144 Another aromatic diamidine, 
diamidinodiphenylamine (M & B 938), 
proved to be more promising, however. 
MacKinnon, Sanjines, and Artagaveytia-Al- 
lende'** tested six strains of Blastomyces 
brasiliensis and found the inhibitory con- 
centration at 2 to 5 mcg. per milliliter of 
medium. They observed healing of oropha- 
ryngeal lesions and marked improvement 
of lung changes in a patient given two 
courses of daily intravenous injections of 
150 mg. of M & B 938 with a total of 4 Gm. 
Another patient also showed definite im- 
provement with a total of 5.475 Gm. in 43 
days. There was no serious toxic reaction.'*® 

In their initial studies of the in vitro anti- 
fungal spectrum of amphotericin B, Gold, 
Stout, Pagano, and Donovick and Sternberg, 
Wright, and Oura included Blastomyces 
brasiliensis which turned out to be sensitive. 
On the strength of these findings, Lacaz 
and Sampaio'® treated 4 cases of South 
American blastomycosis with amphotericin 
B. The clinical results they obtained were 
so promising as to prompt them to state that 
a new era in the treatment of South Ameri- 
can blastomycosis had opened with ampho- 
tericin B. Although kept alive by sulfona- 
mide therapy, all 4 patients were essentially 
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refractive to the drug. One patient had 
taken more than 10,000 Gm. of sulfona- 
mides in the course of 19 years, and an- 
other, 7,500 Gm. in 10 years. The relapses in 
each patient were controlled by amphoteri- 
cin B with healing of the lesions, but no 
cure could be claimed, for the follow-up 
periods were still too brief. 


Cryptococcosis 


The true incidence of cryptococcosis is 
probably much higher than is indicated by 
the case reports in the literature of the 
severe pulmonary and meningoencephalitic 
forms with which most clinicians associate 
the disease. In the absence of a high index 
of suspicion and effective skin testing and 
serologic procedures, many of the benign, 
localized forms of cryptococcosis that simu- 
late more commonly known diseases may 
go on to healing without being diagnosed. 
The condition has been reported from many 
countries and in both sexes and all ages. 

The culturally and morphologically yeast- 
like organism, Cryptococcus neoformans, 
causes the disease. It is unique among the 
pathogenic fungi in the mucoid character of 
its colonies and the wide capsule surround- 
ing its yeastlike body. The organism has 
been isolated from the skin and gastro- 
intestinal tract of normal individuals, but 
more frequently from soil samples, espe- 
cially those associated with pigeon and 
chicken droppings.'**:!48 The infection may 
be endogenous, but probably more com- 
monly results from an exogenous source 
through the respiratory tract and, occasion- 
ally, through the skin or gastrointestinal 
tract. 

Because the vast majority of reported 
cases of cryptococcosis showed marked in- 
volvement of the central nervous system, 
the disease has become popularly associated 
with: this particular form. In accord with 
the suspected mode of entrance of the or- 
ganism through the respiratory tract, how- 
ever, more and more attention has been di- 
rected to the pulmonary form of the dis- 
ease. In many cases pulmonary complaints 
were registered at one time or another dur- 
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ing the course of the illness. Although ‘pri- 
mary pulmonary cryptococcosis may at 
times cause death in a short time, the in- 
fection generally runs a benign, even sub- 
clinical, course with localized lesions that 
may resolve with or without minimal scar- 
ring. Eight of the 10 cases of pulmonary 
cryptococcosis described by Jacobs'*® re- 
vealed a solitary granulomatous nodule. 
These primary lesions in the lungs, whether 
active or healed, are frequently discovered 
only at autopsy on patients who die of the 
disseminated or meningitic form. The signs 
and symptoms of pulmonary cryptococcosis 
are those of chronic pneumonitis, lung 
tumor, or lung abscess. 

With no regard to the course taken by the 
primary pulmonary condition, the infection 
may be disseminated hematogenously to 
other organs, with a predilection for the 
central nervous system. When this happens, 
the clinical picture becomes dominated by 
the central nervous system involvement, 
with signs and symptoms of meningeal ir- 
ritation or increased intracranial pressure 
frequently misdiagnosed as tuberculous 
meningitis, brain tumor, brain abscess, or 
subarachnoidal hemorrhage. Involution of 
the pulmonary lesions may continue even in 
the face of this dissemination. Cryptococco- 
sis of the central nervous system is almost 
always progressive, generally causing death 
in 3 to 4 months, sometimes in one year or 
so. However, unexplained remissions do 
occur and the patient may live up to 16 
years, as in Beeson’s!”°® case. 

Treatment. There is as yet no generally 
accepted effective treatment of disseminated 
cryptococcosis. Evans and Harrell? found 
that at least 43 methods, including the 
usual antibiotics, sulfonamides, x-rays, fever 
therapy, alkalinization, gold, copper, arseni- 
cals, iodides, and vaccines, had been used. 
All proved essentially ineffectual. Except 
for amphotericin B, even the newer anti- 
fungal antibiotics and chemotherapeutic 
agents effective in vitro and in other my- 
cotic infections give variable results, which 
suggests that possibly the apparent cures 
claimed for these drugs were actually spon- 
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taneous remissions. The observed resistance 
of Cryptococcus neoformans to drug ther- 
apy has been related to the thick capsule 
surrounding the organism. 

Because of their in vitro activity!®?:15* and 
demonstrated usefulness in the treatment of 
North American blastomycosis, the aromatic 
diamidines have been tried on clinical cases 
of cryptococcosis, in spite of failures in 
protecting laboratory animals against ex- 
perimental infections.%*® Leithold, 
Reeder, and Baker!®? and Whitehill and 
Rawson?’ claimed apparent cure with 2- 
hydroxystilbamidine in one case each, and 
Ferguson’®® achieved marked improvement 
in another. The use of stilbamidine or pro- 
pamidine, however, has been associated 
with clinical failure.159-16 

Nystatin has been found active in vi- 
tro!64,165 and in animal experiments.®>:156.166 
However, unlike its signal success in candi- 
diasis, the few trials in human cryptococcic 
infections have thus far essentially failed to 
confirm such activity.!6%1 Perruchio, 
Bruel, Lagarde, and Delpy!” used sulfadi- 
azine and nystatin to treat a residual pul- 
monary lesion after resection in a 12-year- 
old girl. The sulfadiazine had to be stopped 
because of digestive intolerance but nystatin 
was administered for 20 days without 
trouble. The pulmonary lesion remained 
stationary. 

Cycloheximide (actidione) is an antifun- 
gal antibiotic that has a selective marked 
in vitro activity against Cryptococcus neo- 
formans among the pathogenic fungi.*>:1%: 
173 Tt is not active, however, in experimental 
infections.1** Likewise, in clinical trials only 
an occasional patient responded favor- 
ably.*5-178 The majority were not influenced 
and, in one instance, the drug might have 
even brought on an acute exacerbation of 
the disease and caused death.1®:179185 The 
antibiotic is given intravenously, intrathec- 
ally, and/or intramuscularly. The initial 


. dose is 20 mg., increased daily up to 100 to 


200 mg. The intrathecal dose is 10 to 20 mg. 
The treatment is prolonged. Except for 
nausea and vomiting that may be severe, 
no serious toxicity has been observed. 
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In contrast with the other drugs, ampho- 
tericin B has exhibited a most encouraging 
activity. So far it is the most effective drug 
in the treatment of cryptococcosis and is 
apparently changing the gloomy outlook in 
this grave disease. It inhibits the organism 
in vitro at very low concentrations, down 
to a fraction of a microgram per milliliter of 
medium.!13:192 The increasing clinical use 
has consistently produced favorable results 
hitherto unknown in the management of 
cryptococcosis. Thus far, at least 49 patients, 
the majority of whom had central nervous 
system involvement, have been reported 
treated with amphotericin B.11:1650.91,110,168, 
171,186-197 Apparent clinical remissions were 
claimed in 17 cases with follow-up periods 
of from 4 to 18 months. Nineteen improved 
in varying degrees, with 8 noted as having 
attained conversion of the cultures for the 
organism to negative. Three patients were 
reported unimproved, but in 2 of them the 
drug was administered mainly by the oral 
route. Two relapses and 8 deaths occurred, 
but in 6 cases medication was instituted late 
in the course of the disease a short time be- 
fore death, and the authors expressed the 
opinion in each case that the treatment was 
not given a fair trial. In one case the or- 
ganism disappeared from the spinal fluid, 
and death was blamed on bacteremia and 
renal failure. 

Surgical intervention has a definite place 
in the management of cryptococcosis, being 
particularly indicated for excision of early, 
localized lesions before dissemination oc- 
curs.!98-202 The resection of primary lesions 
has been attempted even in the presence 
of spread to the central nervous system in 
the hope of preventing further seeding from 
these primary foci. 


Actinomycosis 


Actinomycosis is a subacute to chronic 
suppurative granulomatous disease charac- 
terized by brawny inflammatory lesions, ab- 
scess formation, and multiple draining si- 
nuses and fistulas. It is world-wide in dis- 
tribution with no racial predilection and 
affects all ages, especially young adults. 
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The single causative organism is Actino- 
myces israeli (syn. Actinomyces bovis) 
which is gram positive, non-acid fast, 
branching, filamentous, and anaerobic. The 
diagnostic “sulfur granules” found in the 
exudate from the abscesses or draining le- 
sions are dense networks of the filamentous 
organism radially arranged, with clublike 
endings. 

Actinomyces israeli has been isolated 
from the gums, periodontal pockets, and 
peritonsillar crypts of normal individuals. 
The infection is apparently endogenous, 
with trauma or disease as contributory fac- 
tors related to lowered local tissue resist- 
ance and acquired pathogenicity of the or- 
ganism. “Mixed infection” with other sym- 
biotic bacteria, as Actinobacillus actinomy- 
cetem-comitans, Bacterium melaninogeni- 
cum, and anaerobic streptococci has been 
implicated as part of a pathogenic complex 
with Actinomyces israeli.?°*°° 

A wide variety of signs and symptoms is 
observed in actinomycosis depending upon 
the part of the body invaded. The three 
main clinical types are (1) cervicofacial, 
comprising more than half of the reported 
cases, (2) abdominal, 20 per cent, and (3) 
thoracic, 15 per cent. The rest of the cases 
present involvement of other parts of the 
body such as the extremities, liver, genitals, 
kidneys, skin, bones, joints, or central ner- 
vous system. Spread of the infection is by 
direct invasion. The prognosis of cervico- 
facial actinomycosis is generally much bet- 
ter than that of the abdominal or thoracic 
types. 

Treatment. Before the advent of sulfona- 
mides and penicillin in the treatment of ac- 
tinomycosis, a multitude of therapeutic 
measures (including iodides, x-rays, surgi- 
cal procedures, vaccines, copper salts, thy- 
mol, gold, arsenicals, and others) were uti- 
lized with varying results. Singly, they were 
ineffective, especially in the abdominal and 
thoracic forms of the disease. Even in com- 
bination, most of the reports of their favor- 
able use were on cases of cervicofacial ac- 
tinomycosis which has a relatively fair prog- 
nosis, even without therapy. Many of these 
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older methods have been discarded except 
for a few, such as iodides and x-rays, which 
are retained by some as helpful adjunctive 
measures to penicillin treatment. 

Although later proved to be less effective 
than penicillin and the other antibiotics in 
vitro?°"?°S and in clinical treatment,2°%?11 
the sulfonamides gave the first consistent 
favorable results in the treatment of actino- 
mycosis and improved the prognosis of the 
disease during the years following its in- 
troduction in 1937. Better results were 
achieved when these drugs were combined 
with adjunctive treatment, such as surgical 
intervention, iodides, or x-rays. Of the sul- 
fonamides, sulfadiazine and sulfisoxasole 
are the better preparations.?!2 Oral doses 
of 3 to 4 Gm. daily with effective blood 
levels of 8 to 10 mg. per 100 ml. should be 
maintained through a period of 4 to 6 
months or longer. The usual precautions 
against possible toxicity must be observed. 

Penicillin was introduced in 1945 and has 
steadily supplanted the sulfonamides. The 
actinomycete is most sensitive to penicillin 
in vitro,?!3-*)5 and a host of successful clini- 
cal reports testify to the superior efficacy of 
penicillin. Although in many of these re- 
ports penicillin was combined with other 
therapeutic measures, the antibiotic unques- 
tionably has augmented the rate of recov- 
ery, especially in the graver abdominal and 
thoracic forms. There are still treatment 
failures, however, in spite of the demon- 
strated sensitivity of the organism to the 
antibiotic. The very nature of the disease 
process with its excessive formation of gran- 
ulomatous and fibrous tissues impedes the 
effective concentration of the drug in the 
diseased area. This necessitates the admin- 
istration of large doses for prolonged peri- 
ods and the aid afforded by adjunctive ther- 
apy, such as surgical measures and iodides. 
Another suggested reason for these treat- 
ment failures is the penicillin resistances of 
certain bacteria like Actinobacillus actino- 
mycetem-comitans comprising part of the 
symbiotic flora responsible for the concom- 
itant infection in actinomycosis. 

The recommended average dose of peni- 
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cillin is 3 to 6 million units daily for at least 
3 months, extending even to 12 to 18 
months, depending upon the response of the 
patient. 

The need for another effective drug that 
can be used in place of penicillin has been 
felt for several reasons: (1) the cases that 
appear to be resistant to penicillin treat- 
ment, (2) the increasing incidence of sensi- 
tization to penicillin, and (3) the objections 
to repeated parenteral injections over long 
periods of time. The newer broad spectrum 
antibiotics and other chemotherapeutic 
drugs have been investigated and success- 
fully used. They include streptomycin, 
tetracycline, oxytetracycline, chlortetra- 
cycline, erythromycin, chloramphenicol, 
isoniazid, and stilbamidine. It is still quite 
early to confirm the exact value of these 
drugs. Erythromycin, at least in vitro, is the 
most effective. Their main disadvantages, 
especially those of the broad-spectrum anti- 
biotics, are their toxicity and their high cost 
as compared with penicillin. 

Surgical measures are generally admitted 
to be of considerable value, if not curative 
as in localized lesions. The procedures 
range from simple aspiration of fluid to rad- 
ical complete excision of diseased organs, as 
pneumonectomy, nephrectomy, or resection 
of intestines. Better results are obtained 
when these are associated with drug ther- 
apy. 

Only a small number of reported cases of 
actinomycosis were managed with a single 
mode of therapy. Most were given multiple 
treatments with preference for penicillin, 
combined with sulfonamides or any one of 
the other antibiotics and chemotherapeutic 
drugs, iodides, x-rays, and surgical proce- 
dures. Because of strain variation?°7:21+4,216 
the desirability of sensitivity tests per- 
formed on the actinomycetes and the symbi- 
otic bacteria isolated from the actinomy- 
cotic lesions to determine the proper drugs 
to be administered has been stressed. 


Nocardiosis 


Nocardiosis is closely akin to actinomy- 
cosis clinically and mycologically, but with 
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enough differences to separate it from the 
latter condition as a distinct entity. The 
causative organisms belong to the Nocardia 
gen 3 which is widely distributed in nature 
and frequently isolated from soil. There are 
at least five species known to be pathogenic 
to man,?!*:?18 including Nocardia asteroides, 
Norcardia brasiliensis, Norcardia madurae, 
and Nocardia pelletieri. By far the most 
common is Nocardia asteroides. These or- 
ganisms are gram positive, variably acid 
fast branching filaments, readily fragment- 
ing into bacillary and coccoid forms. They 
grow aerobically. 

The disease is world-wide in distribution 
with no racial preference. The source of in- 
fection is exogenous. The most frequent 
portal of entry is the respiratory tract and, 
less commonly, the injured skin and the gas- 
trointestinal tract. Thus, many of the cases 
(about 75 per cent) reveal pulmonary in- 
volvement. The pulmonary form presents 
the clinical picture of acute or chronic pneu- 
monitis, with a propensity for hematogen- 
ous dissemination to other organs, particu- 
larly the central nervous system. Once the 
central nervous system becomes involved, 
which occurs in about 30 per cent of the 
cases, the pulmonary complaints are over- 
shadowed by signs and symptoms simulat- 
ing brain tumor, brain abscess, or meningi- 
tis, and the prognosis becomes graver. The 
disease may be acute and fulminating, caus- 
ing death in a few days, but generally it 
tends to be chronic, with remissions and ex- 
acerbations lasting for even up to 3 to 4 
years. The average duration is 6 months. 

A chronic and localized form of nocardi- 
osis involving the skin and subcutaneous 
tissues constitutes a certain percentage of 
the incidence of maduromycosis or myce- 
toma. The granules found in the discharge 
from the multiple draining sinuses and fistu- 
las are smaller and softer than the “sulfur 
granules” of actinomycosis. They are col- 
ored black, red, orange, or yellow and do 
not present clublike terminal structures at 
the periphery. 

In many cases the diagnosis of nocardio- 
sis was made only after operation, very late 
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in the course of the disease, or at the au- 
topsy table. Definite diagnosis can be made 
only with the laboratory demonstration of 
the organism. 


Treatment. The particular importance of 
early diagnosis and institution of treatment 
in nocardiosis has been emphasized, in view 
of the remarkable clinical efficacy of the sul- 
fonamides, especially sulfadiazine. Most of 
the unsuccessful clinical trials with sulfona- 
mides were blamed on the failure to estab- 
lish an etiological diagnosis and start medi- 
cation before the disease had become 
disseminated and progressed to an ad- 
vanced stage. The sensitivity of Nocardia 
asteroides to sulfonamides has been amply 
confirmed in vitro?!®?*4 and in vivo?7?61 
and by apparent clinical cures achieved. 
The effective blood serum level of sulfadi- 
azine is 10 to 20 mg. per 100 ml. with daily 
oral doses of 6 to 10 Gm. maintained over 
prolonged periods of time from 3 to 6 
months or longer. 

The sulfonamides have usually been used 
in conjunction with other measures, such as 
surgical intervention, x-rays, iodides, thy- 
mol, broad-spectrum antibiotics, and even 
penicillin (which has been shown to be in- 
effective, in contrast to its success in the 
management of actinomycosis). In the 
choice of antibiotics and other chemothera- 
peutic agents, in vitro sensitivity tests may 
be misleading, for their results do not seem 
to correlate with those of clinical experi- 
ence. A patient with pulmonary nocardiosis 
described by Rivera?’ failed to respond to 
tetracycline but improved with chloram- 
phenicol, although in vitro the isolated No- 
cardia was found to be sensitive to tetracy- 
cline and resistant to chloramphenicol. Both 
Runyon?” and Halde and Newstrand?!® 
found streptomycin to be effective in vitro, 
but inactive in animal experimental infec- 
tions. Nonetheless, sensitivity tests are still 
considered useful by the latter authors. In 
general, the clinical results with antibiotics 
and other agents like isoniazid, pregnenol- 
one acetate, or stilbamidine without sulfon- 
amides have been variable. 
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The sulfones have been shown to be ac- 
tive against the Nocardias.?1®??5-227 Gon- 
zalez Ochoa and his group, who have spear- 
headed these investigations, worked on the 
premise that Promin, Promizole, and Dia- 
sone act in vivo mainly by breaking down 
into 4,4’-diaminodiphenyl sulfone (DDS). 
They concentrated on DDS and found it 
effective, particularly in infections with No- 
cardia brasiliensis. Of 21 patients with 4 
year follow-up periods, 15 were cured and 
6 showed marked improvement. The treat- 
ment was prolonged: at least 2 years of 
daily oral administration of 200 mg. Prema- 
ture withdrawal of the drug led to relapses 
which were much more resistant to subse- 
quent treatment. The drug was also injected 
locally into the tumor mass or into the fistu- 
las in 2 ml. amounts of 20 per cent solution 
daily. In spite of the long-term administra- 
tion, surprisingly few serious toxic reactions 
appeared, except for secondary anemia 
which was easily controlled with iron ther- 
apy. 

Surgical intervention is still definitely in- 
dicated in the management of nocardial in- 
fections, particularly in the mycetomatous 
form.??8 Drainage of abscesses and excision 
of involved tissues are important adjuncts 
to sulfonamide therapy. 


Sporotrichosis 


Sporotrichosis is most often a subcutane- 
ous rather than a systemic or deep fungus 
infection. The disease normally assumes the 
rather typical clinical appearance of an ul- 
cerating, granulomatous, chancriform le- 
sion, occurring at the site of direct cu- 
taneous inoculation. The development of 
satellite lymphangitis and nodules occur- 
ring along the inflamed lymphatics is also 
typical of the disease. The marked varia- 
tions which occasionally occur in the cuta- 
neous and subcutaneous forms of sporotri- 
chosis demand that all clinicians maintain a 
high index of suspicion for this particular 
fungus disease. Systemic involvement may 
develop from Sporotrichum schenckii infec- 
tion from a cutaneous site. Involvement of 
almost any organ with sporotrichum may 
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occur. It has been reported in the kidneys, 
testicles, epididymis, muscles, bones, joints 
and tendons, lungs, central nervous system, 
and tracheobronchial lymph nodes.”® 
Sporotrichum schenckii is found with 
great difficulty on microscopic examination 
of stained or unstained clinical material. 
A positive diagnosis of sporotrichosis can 
be established only by culture of Sporo- 
trichum schenckii on suitable media. For- 
tunately, this organism is not fastidious in 
its nutritional requirements, and a brown- 
ish to blackish, wrinkled, leathery-appear- 
ing colony grows out readily on routine 
Sabouraud’s glucose agar at room tempera- 
ture, while a white, wrinkled, cerebriform, 
bacteria-like colony develops on the blood 
agar cultures at 37° C. This latter culture 
exhibits the budding yeast phase growth of 
the organism, while the room temperature 
culture exhibits hyphal growth with clusters 
of typical small pyriform conidia. 
Treatment. The iodides have become 
well established as the treatment of choice 
for sporotrichosis of all types.”> Invariably, 
a favorable response can be obtained by the 
oral administration of increasing doses of a 
saturated solution of potassium iodide. The 
initial dose should be approximately 5 drops 
given 3 times a day. This may be increased 
by one drop per dose, if a rapid increase is 
desired, or one drop per day otherwise, 
until the dosage of 40 to 50 drops 3 times a 
day is attained. This amount should be 
maintained for at least 2 to 3 weeks beyond 
the time that complete clinical healing has 
occurred. The patient should be instructed 
that clinical improvement is not to be ex- 
pected until the iodides have been given 
for 2 to 3 weeks’ time. Only rarely is this 
form of therapy ineffective in producing 
complete cure of any type of sporotrichosis. 
It is puzzling that the iodides have such ef- 
fect on this fungus, for there is no evidence 
of increased uptake of radioactive iodine at 


the site of sporotrichotic lesions in the skin. 


The organism also grows in artificial media 
containing 10 per cent concentration of po- 
tassium iodide.*® The iodides will not pre- 
vent experimental infection of the rat, al- 
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though they will effect cure of rat sporo- 
trichosis, if continued in adequate dos- 
age.229 

The aromatic diamidines, and particu- 
larly 2-hydroxystilbamidine, deserve consid- 
eration in the therapy of systemic sporotri- 
chosis. An excellent in vitro effect against 
Sporotrichum schenckii has been demon- 
strated,'5*.25° and sporotrichosis has success- 
fully been treated with stilbamidine.**! One 
case of central nervous system sporotri- 
chosis has been treated with 2-hydroxystil- 
bamidine.”*? This patient was not able to 
tolerate the aromatic diamidine and died 
of renal insufficiency coincident with the 
drug therapy. Necropsy revealed healing 
lesions of sporotrichosis. We have seen a 
patient with sporotrichotic involvement of 
a knee joint who had a relapse following 
2-hydroxystilbamidine therapy. This patient 
was re-treated with amphotericin B in 
amounts of 50 mg. administered by slow in- 
travenous drip in 500 c.c. of 5 per cent glu- 
cose in water at daily intervals. A total dose 
of 0.5 Gm. was given. Following this ther- 
apy, the sporotrichotic arthritis was no 
longer evident, and cultures of the joint 
space were negative for Sporotrichum 
schenckii. We have since learned that this 
patient has suffered a clinical relapse of the 
joint sporotrichosis. Amphotericin B has a 
high in vitro inhibiting effect on Sporotri- 
chum schenckii.1.1°? It is probable that this 
antibiotic would be effective in causing 
prompt cure of the usual type of uncompli- 
cated lymphatic sporotrichosis. It is doubt- 
ful that this toxic antibiotic should be given 
for the routine, benign forms of sporotri- 
chosis. 


Candidiasis 


Candidiasis is not usually considered one 
of the deep or systemic mycoses. This dis- 
ease (which was previously called monili- 
asis) is caused by members of the genus 
Candida, usually Candida albicans. This 
yeastlike fungus can be isolated from nor- 
mal stool, the vagina, the oral mucous mem- 
brane, the skin, and even the normal ex- 
ternal auditory canal.?** It is normally the 
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cause of superficial infection in mucous 
membranes of the mouth, the vagina, the 
paronychial skin, as well as the glabrous 
skin of the warm, intertriginous areas of the 
body. Candida albicans is rarely reported 
as the cause of truly systemic disease. Its 
incidence has sharply increased, however, 
with the increased usage of broad-spectrum 
antibiotics and the steroid hormones. These 
two categories of therapeutic agents have in- 
creased human susceptibility to systemic in- 
fection with Candida albicans.”***%7 Since 
the fungus is often not pathogenic, there is 
also a problem associated with the clinical 
interpretation of the laboratory isolation of 
Candida albicans from such clinical sources 
as sputum, urine, skin and nail scrapings, 
nasopharyngeal scrapings, and gastric con- 
tents. The finding of Candida albicans or 
other species of Candida on blood culture 
leaves no question as to pathogenicity.?*® 

The members ot the Candida genus are 
easily cultured on almost any of the stand- 
ard bacteriologic agars or media. Candida 
albicans is separated from the other species 
of Candida by the findings of terminal 
chlamydospores in the submerged portion 
of the culture when grown on corn meal 
agar. The finding of hyphal growth along 
with the single-budding blastospores in 
sputum, scrapings of skin or mucous mem- 
branes, and urine is quite significant, and 
probably indicates that this yeastlike fungus 
has assumed the role of a true pathogen. 
Candida albicans is a pathogenic oppor- 
tunist and is found as a superimposed in- 
fection in individuals with debilitating dis- 
eases, pregnancy, uncontrolled diabetes 
mellitus, the avitaminoses, and, as previ- 
ously mentioned, those who are receiving 
long-term steroid or intensive antibiotic 
therapy. There is no reliable skin test which 
can be performed to aid in the diagnosis of 
candidiasis, and even though agglutinins 
have been demonstrated as part of systemic 
candidiasis, their presence has not been re- 
liably consistent. 

Treatment. Two antifungal antibiotics 
must be given consideration in the treat- 
ment of systemic candidiasis. Nystatin and 
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amphotericin B have both demonstrated ex- 
cellent in vitro and in vivo effect against 
Candida albicans.1?:35.50.235,237-243 Nystatin, 
an antibiotic substance obtained from a 
species of streptomyces, is very effective in 
curing candidiasis when it is possible to 
apply the antibiotic directly to the causative 
fungus. This is quite possible when the pa- 
tient has infection of the skin or mucocuta- 
neous junction, the mouth or pharynx, the 
vagina, or the gastrointestinal tract.237,240.248 
Unfortunately, nystatin is very poorly ab- 
sorbed from the gastrointestinal tract, and 
it is impossible to obtain adequate blood 
levels of this drug when given by this route. 
Nystatin has not proved effective in con- 
trolling or curing pulmonary or broncho- 
pulmonary candidiasis or Candida septice- 
mia. There is one report?** of systemic can- 
didiasis complicating bacterial endocarditis 
with apparent cure following the use of in- 
tramuscular nystatin in the dose of 9.6 mil- 
lion units administered over a 16 day pe- 
riod. Unfortunately, nystatin given intra- 
muscularly causes marked pain, swelling, 
and abscess formation at the site of injec- 
tion. This form of the antibiotic is no longer 
available. However, nystatin is, without 
question, the drug of choice for candidiasis 
of any type when it is possible to use the 
antibiotic in ointment, lotion, mouth wash, 
wet dressing, suppository, or tablet form. 

Amphotericin B administered intraven- 
ously must be considered as the probable 
therapy of choice for pulmonary candidasis 
and Candida septicemia. Like nystatin, 
amphotericin B is very poorly absorbed 
from the gastrointestinal tract when given 
orally. Also, like nystatin, amphotericin B 
produces a marked decrease in the number 
of Candida albicans organisms in the gastro- 
intestinal tract, even when it is administered 
with a broad-spectrum antibiotic such as 
tetracycline.!* There is but one report of the 
use of intravenous amphotericin B in sys- 
temic candidiasis. Utz, Treger, McCullough, 
and Emmons*® report the use of this anti- 
biotic in 4 cases. Three of the 4 patients 
had previously undergone major surgical 
procedures; 2 developed Candida endocar- 
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ditis following cardiac surgery, and one de- 
‘eloped meningeal candidiasis following 
in operation for the insertion of a Holter 
valve to relieve a noncommunicating hydro- 
ephalus. The 3 surgical patients died of 
andidiasis; however, it is doubtful that 
they received an adequate trial of ampho- 
tericin B therapy. In a fourth case reported 
by the same authors Candida sepsis fol- 
owed cystoscopy and retrograde pyelo- 
gram for a renal calculus. Blood and urine 
cultures were positive for Candida albicans. 
Complete recovery ensued after the patient 
was given a total of 110 mg. of amphotericin 
B over a 4 day period of time. There is good 
indication that amphotericin B is effective 
in the most serious forms of candidiasis. 

Two other chemotherapeutic agents de- 
serve definite consideration in the treatment 
of systemic candidiasis. A saturated solution 
of potassium iodide has been used for many 
years as an adjunct in the treatment of all 
types of candidiasis.*° This should be given 
orally. The initial dose is 5 drops 3 times a 
day following meals, with increments of one 
drop for each dose, until the total dose of 
20 drops 3 times a day is reached and main- 
tained. We are dubious of any true benefit 
to be obtained in systemic candidiasis from 
potassium iodide therapy. The careful intra- 
venous administration of methylrosaniline 
chloride (gentian violet) appears still to be 
worthy of consideration.***7* While the 
topical application of this dye was the chief 
means of controlling superficial candidiasis 
prior to the development of nystatin, meth- 
ylrosaniline chloride is recommended in in- 
travenous dosage of 5 mg. per kilogram of 
body weight, given every other day for 7 
to 10 days. Concentration of the dye should 
not exceed 0.5 per cent and the solution 
should be filtered through a Berkefeld or 
Seitz filter. 

A host of other chemotherapeutic agents 
have been advocated for the treatment of 
cutaneous and systemic candidiasis. These 
include such agents as fatty acid, resin com- 
plex,24* the para-aminobenzoic acid es 
ters,247 vitamin B complex, brilliant cres 
green, the aromatic diamidines, testoste” 
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one, methyltestosterone, testosterone pro- 
pionate, and even broad-spectrum antibi- 
otics.*48 It should be mentioned, also, that 
the new antifungal antibiotic, griseofulvin, 
has shown no in vitro nor in vivo effect 
against Candida albicans or other members 
of the candida genus. We have had occa- 
sion to use griseofulvin in widespread cu- 
taneous candidiasis and have not observed 
beneficial effect. 


Aspergillosis 


The aspergilli abound in nature. Palino- 
logic surveys have shown the prevalence 
of their anemophilic spores in the atmos- 
phere, where they form one of the aerobio- 
logic factors causing inhalant allergy. The 
fungus is well known as a saprophyte but 
can be parasitic to plants, birds, and occa- 
sionally, mammals. Of the more than 375 
species described, only a few have been 
isolated as pathogens for man: Aspergillus 
fumigatus, by far the most common; Asper- 
gillus glaucus; Aspergillus flavus; Aspergil- 
lus niger; and Aspergillus nidulans. 

The fungous growth is mycelial and char- 
acterized by a knoblike fruiting body to 
which numerous conidia are attached. The 
tissue form is morphologically the same as 
the saprophytic phase. 

For reasons still not known exactly, the 
fungus occasionally acquires the ability to 
invade tissues, causing granulomatous le- 
sions in the lungs, skin, external ears, nasal 
sinuses, nails, central nervous system, eyes, 
bones, and vagina. The organism may be a 
primary or secondary invader. The sympto- 
matology varies with the areas involved, 
such as that of pneumonitis, onychomycosis, 
otitis externa, or maduromycosis. The most 
common form is otomycosis, but pulmonary 
aspergillosis has gained more medical in- 
terest. Primary pulmonary aspergillosis is 
usually regarded as an occupational disease 
among individuals unduly exposed to the 
spores. A significant number of cases of pul- 
monary aspergillosis is superimposed as a 
secondary infection on other diseases, such 
as tuberculosis, carcinoma, bronchiectasis, 
or infarction. The infection is rarely dissem- 
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inated.**® The clinical picture is that of 
tracheobronchitis, bronchopneumonia, tu- 
berculosis, or tumor. The x-ray findings vary 
considerably and may show a “sunburst ef- 
fect,” evidence of pneumonic or broncho- 
pneumonic consolidation, cavitation, or, 
rarely, a diagnostic solitary density whose 
superior border is outlined by a thin, cres- 
cent-shaped area of radiotranslucency. 

A definitive diagnosis of aspergillosis is 
difficult to make and cannot be established 
on clinical grounds alone. It depends on the 
demonstration of the organism from the 
clinical material. Even the cultural isolation 
of the fungus does not answer the question 
of whether the isolated organism is a path- 
ogenic invader or a contaminant. The diag- 
nostic criteria are repeated isolations of the 
aspergillus in pure cultures from the lesions 
and its demonstration histopathologically 
with the surrounding tissue reaction of the 
body. 

Together with infections due to organ- 
isms generally known as saprophytes, like 
Mucor, Candida, Geotrichum, and Penicil- 
lium, aspergillosis has increased in inci- 
dence associated with the present-day ex- 
tensive use of steroids and broad-spectrum 
antibiotics.?°°.*5! Sidransky and Friedman?°° 
made mice highly susceptible to fatal pul- 
monary aspergillosis by treatment with ster- 
oids and antibiotics. The inhaled spores 
failed to germinate into hyphae in the con- 
trol mice, but did so readily in the treated 
animals. The steroids apparently were more 
responsible. 

Treatment. There is no consistently effec- 
tive medical control. The noted increased 
incidence of aspergillosis has made the 
search for the ideal chemotherapeutic agent 
more imperative. The occasional favorable 
results obtained with sulfonamides, penicil- 
lin, streptomycin, and other antibiotics were 
attributed mainly to their action on concom- 
itant bacterial infections. 

The in vitro sensitivity of Aspergillus 
fumigatus to certain antibiotics and chemo- 
therapeutic agents has occasionally been 
studied.”5?.253 The marked sensitivity of the 
organism to mercuric iodide red was noted. 
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Penicillin was inactive in concentrations uy 
to 125 pg per milliliter of medium, but in 
hibited fi. ctification above this concentra 
tion. Even at 10 mg. per milliliter of me 
dium, the broad-spectrum antibiotics suc 
ceeded only in preventing fructification. 

There is a paucity of clinical reports on 
adequate therapeutic trials in aspergillosis 
because of the difficulty of establishing a 
preoperative or antemortem diagnosis. As a 
result, the data are grossly insufficient and 
the conclusions as to the value of the drugs 
tested are at most preliminary. 

The aromatic diamidines were tried in a 
few cases. Riddell?5* stated that, in his ex- 
perience, inhalation of 2-hydroxystilbami- 
dine solutions was effective in removing 
Aspergillus fumigatus from bronchial secre- 
tions. Stevenson™®® reported a case of pul- 
monary aspergillosis which responded sat- 
isfactorily to two courses of 10 intravenous 
injections of 150 mg. of 2-hydroxystilbami- 
dine given daily. This therapy was followed 
by a course of oral nystatin. The patient, 
however, died later with renal failure. A pa- 
tient with primary pulmonary aspergillosis 
described by Librach*** did not respond to 
treatment with 2-hydroxystilbamidine as 
well as to iodides, isoniazid, streptomycin, 
penicillin, and oxytetracycline. Hinson,?*” 
on finding that Aspergillus fumigatus was 
inhibited in vitro by diamidinodiphenyla- 
mine (M & B 938) in a concentration of 
1:100,000, tried the drug clinically in a case 
of pulmonary aspergillosis. The patient 
showed only slight equivocal improvement 
and severe toxic hypotensive symptoms 
with administration of the drug. 

The agent being sought for the effective 
control of aspergillosis most probably wil! 
be found among the antifungal antibiotics 
that are being introduced in increasing 
numbers. Riddell?** also mentioned the ef. 
fective use of nystatin inhalation. Steven 
son’s™®> patient also received nystatin, 500, 
000 units given thrice daily for 8 weeks 
after two courses of 2-hydroxystilbamidine 
In the successful treatment of a case of hy 
popyon keratitis due to Aspergillus fumi 
gatus, Mangiaracine?’ believed that ny 
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tatin administered locally and systemically 
xerted a beneficial effect. Manning and 
Robertson**® recently described a case of 
»yyopneumothorax due to a secondary infec- 
ion with Aspergillus fumigatus after a his- 
ory of treated pulmonary tuberculosis and 
. bout of secondary pneumococcal infection 
or which the patient had received a course 
f tetracycline. Nystatin was administered 
by intrapleural instillation of 500,000 units 
daily. The patient received 15.5 million 
units in 38 days and improved remarkably, 
with no side effects due to the drug. The 
organism disappeared from the sputum. A 
concomitant secondary infection with 
Staphylococcus aureus was controlled with 
daily intrapleural administration of 0.5 Gm. 
chloramphenicol. 

An antifungal antibiotic that deserves 
clinical trial in aspergillosis is griseofulvin, 
which has aroused interest because of its 
efficacy in the treatment of dermatomycosis 
by the oral route.*°®.6° Its inhibitory effect 
on filamentous fungi with chitin cell walls 
which include the aspergilli is most spe- 
cific.2*! The antibiotic is relatively nontoxic 
in therapeutic doses. It is not unreasonable 
to predict that favorable results will be ob- 
tained with the use of griseofulvin in asper- 
gillosis, particularly in its otomycotic and 
onychomycotic forms, in view of its affinity 
for keratinous tissues. 

In the absence of successful medical 
treatment in aspergillosis, emphasis is laid 
on the surgical approach. This is mainly 
excisional in nature, and most reports of ap- 
parent cures in aspergillosis deal with the 
resection of localized lesions, such as asper- 
gillomas,?6?-26+ 


Mucormycosis 


Systemic disease produced by members 
of the order Mucorales is referred to as a 
mucormycosis, even though members of the 
senera Rhizopus, Absidia, and others, be- 
‘ides the genus Mucor, may cause the dis- 
‘ase. The name mucormycosis is quite ac- 
‘eptable when used in this manner. This is 
ortunately a rare mycotic disease, which 
isually develops in individuals who have 
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uncontrolled diabetes mellitus. The disease 
was first reported by Paltauf?® in 1885. 
Since that time, there has been a total of 
24 cases of mucormycosis reported in the 
world’s literature.**.?6* A complete sum- 
mary of the reported cases of mucormycosis 
is available.?® 

The members of the order Mucorales 
most commonly found to produce mucor- 
mycosis are Rhizopus sp. and Mucor sp. 
Both of these fungi occur as common labor- 
atory contaminants, and are known as 
“sugar fungi.’°*.?69 The hyphae of these 
fungi exhibit few or no septations and pos- 
sess the ability to break down sugar. It is 
of interest that they have been found to be 
most pathogenic in diabetic individuals. 
They grow at a very rapid rate and, when 
contamination with Mucor sp. or Rhizopus 
sp. occurs, it takes but a few days for the 
aerial growth of the organisms to fill com- 
pletely all the available space of the culture 
tube. The tendency toward such rapid 
growth has been exhibited clinically when 
these contaminant fungi assume pathoge- 
nicity. Extension through the orbit or para- 
nasal sinuses to the cerebral vessels has 
occurred in the vast majority of cases,?®*?6® 
and in most instances death has occurred 
within a matter of days from the time symp- 
toms have been reported. The syndrome 
consisting of diabetes mellitus, ophthalmo- 
plegia, signs of meningoencephalitis, and 
possibly sinusitis should make one consider 
the diagnosis of cerebral mucormycosis.” 

There are no instances of successful at- 
tempts at chemotherapy for mucormycosis. 
A case has recently been reported?® in 
which potassium iodide, given during a 48 
hour period prior to death, had no bene- 
ficial effect. Unfortunately, this disease is 
usually diagnosed post mortem, and ampho- 
tericin B has not been given an adequate 
trial. This antifungal antibiotic should be 
given a therapeutic trial in any individual 
in whom the antemortem diagnosis of mu- 
cormycosis has been established. Chick?*° 
has treated experimentally produced mucor- 
mycosis in rabbits with amphotericin B. 
The drug was found to protect a rabbit 
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which had been given a standardized lethal 
dose of Rhizopus spores. Also, the drug ap- 
parently inhibited the transformation of 
spores into hyphae, when injected intrave- 
nously. The animals that were sacrificed 
following such injections were found to be 
virtually free of evidence of visceral infec- 
tion. These experiments suggest that am- 
photericin B may be of great value in the 
treatment of human mucormycosis. 


References 


1. Gold, W., Stout, H. A., Pagano, J. F., and 
Donovick, R.: Amphotericins A and B, Anti- 
fungal Antibiotics Produced by a Streptomy- 
cete. I. In Vitro Studies, Antibiotics Annual, 
1955-1956, New York, 1956, Medical Ency- 
clopedia, Inc., pp. 579-586. 

. Steinberg, B. A., Jambor, W. P., and Suydam, 
L. O.: Amphotericins A and B: Two New An- 
tifungal’ Antibiotics Possessing High Activity 
Against Deep-Seated and Superficial Mycoses, 
Antibiotics Annual, 1955-1956, New York, 
1956, Medical Encyclopedia, Inc., pp. 574- 
578. ; 

. Sternberg, T. H., Wright, E. T., and Oura, 
M.: A New Antifungal Antibiotic, Amphoteri- 
cin B, Antibiotics Annual, 1955-1956, New 
York, 1956, Medical Encyclopedia, Inc., pp. 
566-573. 

. Vandeputte, J., Wachtel, J. L., and Stiller, E. 
T.: Amphotericins A and B, Antifungal An- 
tibiotics Produced by a Streptomycete. II. The 
Isolation and Properties of the Crystalline Am- 
photericins, Antibiotics Annual, 1955-1956, 
New York, 1956, Medical Encyclopedia, Inc., 
pp. 587-591. 

. Dutcher, J. D., Young, M. B., Sherman, J. H., 
Hibbits, W., and Walters, D. R.: Chemical 
Studies on Amphotericin B, Antibiotics An- 
nual, 1956-1957, New York, 1957, Medical 
Encyclopedia, Inc., pp. 866-869. 

. Littman, M. L., Horowitz, P. L., and Swadey, 
J. G.: Coccidioidomycosis and Its Treatment 
With Amphotericin B, Am. J. Med. 24:568- 
592, 1958. 

. Bartner, E., Zinnes, H., Moe, R. A., and Ku- 
lesza, J. S.: Studies on a New Solubilized 
Preparation of Amphotericin B, Antibiotics 
Annual, 1957-1958, New York, 1958, Medical 
Encyclopedia, Inc., pp. 53-58. 

. Louria, D. B.: Some Aspects of the Absorp- 
tion, Distribution and Excretion of Ampho- 
tericin B in Man, Antibiotic Med. 5:295-301, 
1958. 

. McNall, E. G., Halde, C., Newcomer, V. D., 
and Sternberg, T. H.: A Biological Assay for 


13. 


Clinical Pharmacolog: 
and Therapeutic 


the Determination of Amphotericin A and F 
in Biological Fluids, Antibiotics Annual, 1957- 
1958, New York, 1958, Medical Encyclopedia. 
Inc., pp. 131-136. 


. Taylor, R. L., Lynch, H. P., Taylor, R. R., 


and Weiser, O. L.: The Determination of Am- 
photericin B Serum Levels in Man, Tr. 17th 
Conference on Chemotherapy of Tuberculosis, 
1958, edited by U. S. Veterans Administra- 
tion, Dept. of Medicine and Surgery, Wash- 
ington, D. C., pp. 328-332. 


. Vogel, R. A., and Crutcher, J. C.: Studies on 


the Bioassay and Excretion of Amphotericin 
in Patients With Systemic Mycoses, Antibiotic 
Med. 8:501-506, 1958. 


. Halde, C., Newcomer, V. D., Wright, E. T., 


and Sternberg, T. H.: An Evaluation of Am- 
photericin B in Vitro and in Vivo in Mice 
Against Coccidioides immitis and Candida al- 
bicans, and Preliminary Observations Con- 
cerning the Administration of Amphotericin 
B to Man, J. Invest. Dermat. 28:217-232, 
1957. 

Louria, D. B., Feder, N., and Emmons, C. 
W.: Amphotericin B in Experimental Histo- 
plasmosis and Cryptococcosis, Antibiotics An- 
nual, 1956-1957, New York, 1957, Medical 
Encyclopedia, Inc., pp. 870-877. 


. Summary of Information for Clinical Investi- 


gators, E. R. Squibb & Sons, Division of Olin 
Mathieson Chem. Corp., New Brunswick, N. 
J., Oct. 28, 1955. Quoted by Littman, Horow- 
itz, and Swadey.° 


. Littman, M. L.: Preliminary Observations on 


the Intravenous Use of Amphotericin B, an 
Antifungal Antibiotic, in the Therapy of 
Acute and Chronic Coccidioidal Osteomye- 
litis, Proc. Symposium Coccidioidomycosis, 
Feb. 11-13, 1957, pp. 86-94. 


. Fungizone for Infusion. Squibb Amphotericin 


B, E. R. Squibb & Sons, Division of Olin 
Mathieson Chem. Corp., New Brunswick, 
N. J., 1957. 


. Dye, W. E.: In Vitro Studies of Combinations 


of Antifungal and Antituberculosis Drugs, Tr. 
16th Conference on Chemotherapy of Tuber- 
culosis, 1957, edited by U. S. Veterans Ad- 
ministration, Dept. of Medicine and Surgery, 
Washington, D. C., pp. 347-349. 


. Baum, G. L., Rubel, H., and Schwarz, J.: 


Treatment of Experimental Histoplasmosis, 
Antibiotics Annual, 1956-1957, New York, 
1957, Medical Encyclopedia, Inc., 1957, pp. 
878-882. 


. Baum, G. L., Rubel, H., and Schwarz, J.: 


Treatment of Experimental Histoplasmosis, 
Antibiotics 7:477-482, 1957. 


. Baum, G. L., Schwarz, J., and Wang, C. J. K.: 


Treatment of Experimental Histoplasmosis 





Volume 1 
Number 1 


With Amphotericin B, A.M.A. Arch Int. Med. 
101:84-86, 1958. 

. Sternberg, T. H., Newcomer, V. D., Wright, 
E. T., McNall, E. G., Sorensen, L. J., and 
Reisner, R. M.: The Treatment of Dissemin- 
ated Coccidioidomycosis With Amphotericin 
B, Ann. Meet. Am. Acad. Dermat., Chicago, 
December, 1958. 

2. Winn, W. A.: Coccidioidomycosis, J. Chron. 
Dis. 5:430-440, 1957. 

.Emmons, C. W.: Isolation of Coccidioides 
From Soil and Rodents, Pub. Health Rep. 
57:109-111, 1942. 

. Emmons, C. W., and Ashburn, L. L.: Isola- 
tion of Haplosporangium parvum and Coccid- 
ioides immitis From Wild Rodents: Their Re- 
lationship to Coccidioidomycosis, Pub. Health 
Rep. 57:1715-1727, 1942. 


25. Conant, N. F., Smith, D. T., Baker, R. D., 


Callaway, J. L., and Martin, D. S.: Manual 
of Clinical Mycology, Philadelphia, 1954, W. 
B. Saunders Company. 

. Smith, D. T., and Harrell, E. R.: Fatal Coc- 
cidioidomycosis: A Case of Laboratory Infec- 
tion, Am. Rev. Tuberc. 57:368-374, 1948. 

. Wilson, J. W., Smith, C. E., and Plunkett, 
O. A.: Primary Cutaneous Coccidioidomyco- 
sis: The Criteria for Diagnosis and a Report 
of a Case, California Med. 79:233-239, 1953. 

. Huntington, R. W., Jr.: Morphology and Ra- 
cial Distribution of Fatal Coccidioidomycosis. 
Report of a Ten Year Autopsy Series in an 
Endemic Area, J.A.M.A. 169:115-118, 1959. 


29. Smith, C. E., Saito, M. T., Beard, R. R., Ros- 


senberg, H. G., and Whiting, E. G.: Histo- 
plasmin Sensitivity and Coccidioidal Infection; 
Occurrence of Cross Reactions, Am. J. Pub. 

Health 39:722-736, 1949. 

. Smith, C. E., Saito, M. T., Beard, R. R., Kepp, 
R. M., Clark, R. W., and Eddie, B. U.: Sero- 
logical Tests in the Diagnosis and Prognosis 
of Coccidioidomycosis, Am. J. Hyg. 52:1-21, 
1950. 

. Gephardt, M. C., and Hanlon, T. J.: Treat- 
ment of Disseminated Coccidioidomycosis 
With Stilbamidine (Case History), J. Okla- 
homa M.A. 47:55-58, 1954. 


32. Snapper, I., Baker, L. A., Edidin, B. D., and 


Kushner, D. S.: The Results of 2-Hydroxystil- 
bamidine Therapy in Disseminated Coccidioi- 
domycosis, Ann. Int. Med. 43:271-286, 1955. 
. Gordon, L. E., Smith, C. E., Tompkins, M., 
and Saito, M. T.: Sensitivity of Coccidioides 
immitis to 2-Hydroxystilbamidine and _ the 
Failure of the Drug in the Treatment of Ex- 
perimental Coccidioidomycosis, J. Lab. & Clin. 
Med. 43:942-945, 1954. 

. Gordon, L. E., and Smith, C. E.: Mycostatin 
and Aminostilbamidine Treatment of Experi- 
mental Coccidioidomycosis. In Sternberg, T. 


Treatment of systemic fungus diseases 127 


H., and Newcomer, V. D., editors: Therapy 
of Fungus Diseases, Boston, 1955, Little, 
Brown & Company, pp. 249-254. 


. Hazen, E. L., and Brown, R.: Fungicidin, 


an Antibiotic Produced by a Soil Actinomy- 
cete, Proc. Soc. Exper. Biol. & Med. 76:93-97, 
1951. 


.Cohen, R., and Webb, P. A.: Nystatin, a 


Coccidioidocidal Antibiotic, Arch. Pediat. 
69:414-416, 1952. 


. Newcomer, V. D., Wright, E. T., Leeb, A. J., 


Tarbet, J. E., and Sternberg, T. H.: The Eval- 
uation of Nystatin on the Course of Coc- 
cidioidomycosis in Mice, J. Invest. Dermat. 
22:431-440, 1954. 


. Procknow, J. J., and Loosli, C. G.: Treatment 


of the Deep Mycoses, A.M.A. Arch. Int. Med. 
101:765-802, 1958. 


.Cohen, R.: Diethylstilbestrol, a Coccidioidal 


Fungicide, Arch, Pediat. 71:291-292, 1954. 


. Lamb, J. H.: Combined Therapy in Histoplas- 


mosis and Coccidioidomycosis: Methyltestos- 
terone and Meth-dia-sulfonamides, A.M.A. 
Arch. Dermat. & Syph. 70:695-712, 1954. 


.Conan, N. J., and Hyman, G. A.: Dissemin- 


nated Coccidioidomycosis, Treatment With 
Protoanemonin, Am. J. Med. 9:408-413, 1950. 


2. Wier, R. H., Egeberg, R. O., Lack, A. R., and 


Leiby, G. M.: A Clinical Trial of Prodigiosin 
in Disseminated Coccidioidomycosis, Am. J. 
M. Sc. 224:70-76, 1952. 


. Fiese, M. J., Radding, J., Cheu, S., and Stein- 


back, O. K.: Disseminated Coccidioidomyco- 
sis; Treatment With Ethyl Vanillate; a Pre- 
liminary Report, California Med. 80:349-356, 
1954. 


. Cohen, R.: Four New Fungicides for Coccidi- 


oides immitis; Sodium Caprylate, Ethyl Van- — 
illate, Fradicin, Thiolutin, Arch. Pediat. 
68:259-264, 1951. 


. Fiese, M. J.: Treatment of Disseminated Coc- 


cidioidomycosis With Amphotericin B, Cali- 
fornia Med. 86:119-120, 1957. 


. Klapper, M. S., Smith, D. T., and Conant, N. 


F.: Disseminated Coccidioidomycosis Appar- 
ently Cured With Amphotericin B, J.A.M.A. 
167:463-466, 1958. 


. Williams, R. M., and Skipworth, G. B.: 


Treatment of Disseminated Coccidioidomyco- 
sis With Amphotericin B, A.M.A. Arch. Der- 
mat. 78:97-100, 1958. 


. Hunter, R. C., and Mongan, E. S.: Dissemi- 


nated Coccidioidomycosis Treated With Am- 
photericin B., U.S. Armed Forces M.J. 9:1474- 
1486, 1958. 


. Horowitz, I., and Berglund, E. M.: Ampho- 


tericin B: A New Antifungal Antibiotic in the 
Treatment of Coccidioidomycosis, Tr. 16th 
Conference on Chemotherapy in Tuberculosis, 
1957, edited by U.S. Veterans Administration, 





128 


Harrell and Bocobo 


Dept. of Medicine and Surgery, Washington, 
D. C., pp. 345-347. 


. Utz, J. P., Treger, A., McCullough, N. B., and 


Emmons, C. W.: Amphotericin B: Intravenous 
Use in 21 Patients With Systemic Fungal Dis- 
eases, Antibiotics Annual, 1958-1959, New 
York, 1959, Medical Encyclopedia, Inc., pp. 
628-634. 


. Sorensen, L. J., McNall, E. G., and Stern- 


berg, T. H.: The Development of Strains of 
Candida albicans and Coccidioides immitis 
Which Are Resistant to Amphotericin B, Anti- 
biotics Annual, 1958-1959, New York, 1959, 
Medical Encyclopedia, Inc., pp. 920-923. 


2. Edwards, P. Q., and Klaer, J. H.: World-wide 


Geographic Distribution of Histoplasmosis and 
Histoplasmin Sensitivity, Am. J. Trop. Med. 
& Hyg. 5:235-257, 1956. 


. Manos, N. E., Ferebee, S. H., and Kersch- 


baum, W. F.: Geographic Variation in the 
Prevalence of Histoplasmin Sensitivity, Dis. 
Chest 29:649-668, 1956. 


. Larsh, H. W., Hinton, A., and Cozad, G. C.: 


Natural Reservoir of Histoplasma capsulatum, 
Am. J. Hyg. 63:18-27, 1956. 


. Brasher, C. A., and Furcolow, M. L.: Prob- 


lems in Treatment of Chronic Histoplasmosis 
as Experienced in Over Twenty Cases. In 
Sternberg, T. H., and Newcomer, V. D., edi- 
tors: Therapy of Fungus Diseases, Boston, 
1955, Little, Brown & Company, pp. 287-288. 


. Furcolow, M. L.: The Clinical Diagnosis of 


Histoplasmosis, Postgrad. Med. 20:349-364, 
1956. 


. Wilson, J. W.: Clinical and Immunological 


Aspects of Fungous Diseases, Springfield, IIl., 
1957, Charles C Thomas, Publisher. 


.Lehan, P. H., and Furcolow, M. L.: Epi- 


demic Histoplasmosis, J. Chron. Dis. 5:489- 
503, 1957. 


. Baum, G. L., Adriano, S. M., and Schwarz, 


J.: Effect of Cortisone on Experimental Histo- 
plasmosis in Mice, Am. J. Clin. Path. 24:903- 
909, 1954. 


. Mankowski, Z. T., and Littleton, B. J.: Ac- 


tion of Cortisone and ACTH on Experimental 
Fungus Infections, Antibiotics 4:253-258, 
1954. 


31. Koenigsbauer, H.: Ueber die Wirkung von 


62. 


63. 


ACTH und Corton auf die experimentelle His- 
toplasmose der Ratte, Zentralbl. Bakt. 159: 
473-476, 1953. 

Vogel, R. A., Michael, M., and Timpe, A.: 
Cortisone in Experimental Histoplasmosis, Am. 
J. Path. 31:535-543, 1955. 

Silverman, F. N., Schwarz, J., Lahey, M. E., 
and Carson, R. P.: Histoplasmosis, Am. J. 
Med. 19:410-459, 1955. 


. Fox, H.: Exfoliative Dermatitis Complicated 


by Fatal Acute Disseminated Histoplasmosis, 


Clinical Pharmacology 
and Therapeutics 


A.M.A. Arch. Dermat. & Syph. 68:734-737, 
1953. 


. Young, R. V., Cleve, E. A., and Vicente- 


Mastellari, A.: Acute Pulmonary Histoplas- 
mosis on the Isthmus of Panama, A.M.A. 
Arch. Int. Med. 100:430-435, 1957. 


. Michael, M., and Vogel, R. A.: Histoplas- 


mosis. Report of a Case, With Observations on 
Management, New England J. Med. 251:884- 
887, 1954. 


. Fissel, G. E.: Acute Fulminating Histoplas- 


mosis, Am. J. Roentgenol. 76:60-63, 1956. 


. Tegeris, A. S., and Smith, D. T.: Acute Dis- 


seminated Pulmonary Histoplasmosis Treated 
With Cortisone and MRD-112, Ann. Int. Med. 
48:1414-1420, 1958. 


. Schwartz, B.: Histoplasmosis of the Lungs, 


A.M.A. Arch. Int. Med. 94:970-994, 1954. 


. Packard, J. S., Finkelstein, H., and Turner, 


W. E.: Acute Pulmonary Histoplasmosis. 
Treatment With Cortisone, A.M.A. Arch. Int. 
Med. 99:370-375, 1957. 


. Matthiesen, D. E.: The Surgical Significance 


of Solitary Circumscribed Lung Nodules in 
Histoplasmosis. Report of Three Cases, Am. 
Rev. Tuberc. 69:829-836, 1954. 


. Polk, J. W., Cubiles, J. A., and Buckingham, 


W. W.: The Surgical Treatment of Chronic 
Progressive Histoplasmosis, J. Thoracic Surg. 
34:341-343, 1957. 


. Puckett, T. F.: Pulmonary Histoplasmosis, Am. 


J. Surg. 90:92-100, 1955. 


. Vivian, D. N., Weed, L. A., McDonald, J. R., 


Clagett, O. T., and Hodgson, C. H.: Histo- 
plasmosis: Clinical and Pathologic Study of 
20 Cases, Surg. Gynec. & Obst. 99:53-62, 
1954. 


75. Christie, A., Middleton, J. G., Peterson, J. C., 


and McVickar, D. L.: Treatment of Dissemi- 
nated Histoplasmosis With Ethyl Vanillate, 
Pediatrics 7:7-18, 1951. 


. Burton, C. T., and Wallenborn, P. A.: Histo- 


plasmosis of the Larynx, Virginia M. Month. 
80:665-668, 1953. 


. Ellis, F. F., Scott, R. J., and Miller, J. M.: 


Treatment of Progressive Histoplasmosis With 
Ethyl Vanillate and Propamidine, Antibiotics 
2:347-350, 1952. 


. Locket, S., Atkinson, E. A., and Grieve, 


W. S. M.: Histoplasmosis in Great Britain. 
Description of a Second Case of Disseminated 
Histoplasmosis; Treatment by Ethyl Vanillate, 
Brit. M. J. 2:857-860, 1953. 


. Middleton, J. W.: Pulmonary Histoplasmosis, 


J. Louisiana M. Soc. 107:1-6, 1955. 


. Shull, H. J.: Human Histoplasmosis: A Dis- 


ease With Protean Manifestations Often With 
Digestive System Involvement, Gastroenterol- 
ogy 25:582-595, 1953. 


. Sones, C. A., Rotkow, M. J., and Dunn, R. C.: 


Acute Disseminated Histoplasmosis; Report of 


Bibles Ed a Se he octal alas a alaomeiaeciass celeea cna fo a Peete Sete ee a Na ar ee eae ce ae 





ae 


ENG PLE LINE LLIN LO ROLL NLA LV TATE PARTI EAA IOS 


Re 
4 
A 
3 
re 
3 
q 
, A 
4 
i 
} 
¥ 
.3 
4 
a 
# 
5 
; 
' 
‘Fi 
iy 
a 


Volume 1 
Vumber 1 


a Case in:  .dult, J. Iowa M. Soc. 45:463- 


468, 1° ~ 


2 Tinne i., and Hall, W. H.: Chronic 


rh _d Laryngeal Histoplasmosis Suc- 
cessfu. ated With Ethyl Vanillate, Minne- 
sota Mea. 36:249-252, 1953. 


. Egbert, E., Johnson, J. E., Tsai, S. Y., and 


Levin, W. C.: Recent Experiences With His- 
toplasmosis, Texas J. Med. 51:792-798, 1955. 


. Sutliff, W. D.: Experience With the Course 


and Chemotherapy of Chronic Pulmonary His- 
toplasmosis, Am. Rev. Tuberc. 75:912-920, 
1957. 


. Ludwig, K. A., Murray, F. J., Smith, J. K., 


Thompson, C. R., and Werner, H. W.: Lab- 
oratory Studies on {-diethylaminoethyl fen- 
cholate, Antibiotics 4:56-61, 1954. 


. Ellis, M., and Callander, R. J.: Treatment of 


Histoplasmosis With MRD-112: Report of a 
Case, J. Tennessee M. A. 48:411-415, 1955. 


. Furcolow, M. L., and Brasher, C. A.: Trials 


With 2-hydroxystilbamidine, Aminostilbami- 
dine, MRD-112 and Other Agents in Pulmon- 
ary Histoplasmosis; Experiments With More 
Than 20 Cases, In Sternberg, T. H., and New- 
comer, V. D., editors: Therapy of Fungus Dis- 
eases, Boston, 1955, Little, Brown & Company, 
pp. 289-291. 


. Fitzpatrick, M. J., and Reuber, M. D.: Addi- 


son’s Disease Associated With Disseminated 
Histoplasmosis and Pulmonary Tuberculosis, 
Am. Rev. Tuberc. 72:675-684, 1955. 


. Terry, R. T., and Matthews, J. H.: Histoplas- 


mosis: Treatment of Two Cases with £-di- 
ethylaminoethyl fencholate, Dis. Chest 30:570- 
575, 1956. 


. Polk, J. W., Brasher, C. A., de Castro, J., and 


Buckingham, W. W.: The Surgical Treatment 
of Pulmonary Histoplasmosis With an Evalua- 
tion of MRD-112 as a Possible Adjunct, J. 
Thoracic Surg. 31:148-164, 1956. 


.Lehan, P. H., Yates, J. L., Brasher, C. A., 


Larsh, H. W., and Furcolow, M. L.: Experi- 
ence With the Therapy of Sixty Cases of Deep 
Mycotic Infections, Dis. Chest 32:597-614, 
1957. 


92. Mayer, R. L., Eisman, P. C., Geftic, $., Kon- 


opka, E., and Tanzola, J.: Sulfonamides and 


Experimental Histoplasmosis, Antibiotics 
6:215-225, 1956. 


.Louria, D. B., and Feder, N.: Sulfonamides 


in Experimental Histoplasmosis, Antibiotics 


7:471-476, 1957. 


. Christie, A.: The Disease Spectrum of Human 


‘ Histoplasmosis, Ann. Int. Med. 49:544-555, 


95. 


96. 


1958. 


Nino, F. L.: Nueva observacion de histoplas- 
mosis en la Republica Argentina, Mycopath. 
et mycol. appl. 5:128-132, 1951. 

Halperin, A., Pierini, D. O., Mortola, G., and 


Treatment of systemic fungus diseases 129 


Acrich, M.: Pleuresia serofibrinosa. Iniciacién 
aparente de una histoplasmosis generalizada, 
Prensa méd. argent. 41:575-582, 1954. 


. Esandi, F., and Chicote, M. N.: Histopla- 


mosis localizada, Prensa méd. argent. 42:1610- 
1612, 1955. 


. Cordero, A. A.: Histoplasmosis, Prensa méd. 


argent. 43:1074-1079, 1956. 


. Negroni, P.: Nuevos agentes en el tratamiento 


de las micosis, Rev. Asoc. méd. argent. 71: 
298-304, 1957. 


. Wail, M.: Histoplasmosis, Térax 6:398-401, 


1957. 


. MacKinnon, J. E.: Revision critica de la in- 


vestigacién y de la literatura micologica en el 
Uruguay en el periodo 1946-1956, Mycopath. 
et mycol. appl. 9:224-240, 1958. 


. Larsh, H. W., Silberg, S. L., and Hinton, A.: 


Use of the Tissue Culture Method in Evalu- 
ating Antifungal Agents, Antibiotics Annual, 
1956-1957, New York, 1957, Medical En- 
cyclopedia, Inc., pp. 918-922. 


. Drouhet, E.: Action de lamphotéricin B dans 


4 


Yhistoplasmose africaine 4 grandes formes, 
Bull. Soc. path. exot. 51:76-82, 1958. 


. Greendyke, R. M., and Kaltreider, N. L.: 


Chronic Histoplasmosis; Report of a Patient 
Successfully Treated With Amphotericin B, 
Am. J. Med. 26:135-138, 1959. 


. Heyn, R. M., and Giammona, S. T.: Dis- 


seminated Histoplasmosis Treated With Am- 
photericin B, A.M.A. J. Dis. Child. 98:253- 
256, 1959. 


. Jarniou, A. P., Kerbrat, G., Moreau, A., Duval, 


and Drouhet, E.: Histoplasmose pulmonaire 
africaine avec suppuration diffuse apparue 
aprés une année d’évolution, Bull. Soc. méd. 


hdp. Paris 74:918-927, 1958. 


. Little, J., Bruce, J., Andrews, H., Crawford. 


K., and McKinley, G.: Treatment of Dis- 
seminated Infantile Histoplasmosis With Am- 
photericin B, Pediatrics 24:1-6, 1959. 


. Miller, J. M., Ginsberg, M., Johnson, H. R., 


and Bogosian, A.: The Treatment of Histo- 
plasmosis With Amphotericin B (Fungizone), 
Antibiotic Med. 5:593-597, 1958. 


. Rubin, H., Lehan, P. H., and Furcolow, M. L.: 


Severe Non-fatal Histoplasmosis, New Eng- 
land J. Med. 257:599-602, 1957. 


. Utz, J. P., Louria, D. B., Feder, N., Em- 


mons, C. W., and McCullough, N. B.: A Re- 
port of Clinical Studies on the Use of Ampho- 
tericin in Patients With Systemic Fungal 
Diseases, Antibiotics Annual, 1957-1958, New 
York, 1958, Medical Encyclopedia, Inc., pp. 
65-70. 


. Schwarz, J., and Goldman, L.: Epidemio- 


logical Study of North American Blastomy- 
cosis, A.M.A. Arch. Dermat. & Syph. 71:84- 
88, 1955. 





130 


112. 


Harrell and Bocobo 


Smith, J. G., Jr., Harris, J. S., Conant, N. F., 
and Smith, D. T.: An Epidemic of North 
American Blastomycosis, J.A.M.A. 155:641- 
646, 1955. 


. Martin, D. S., and Smith, D. T.: Blastomy- 


cosis (American Blastomycosis, Gilchrist’s Dis- 
ease ). I. Review of Literature. II. A Report of 
Thirteen New Cases, Am. Rev. Tuberc. 39: 
275-304, 488-515, 1939. 


. Harris, J. S., Smith, J. G., Humbert, W. C., 


Conant, N. F., and Smith, D. T.: North Amer- 
ican Blastomycosis in an Epidemic Area, Pub. 
Health Rep. 72:95-100, 1957. 


. Kunkel, W. M., Jr., Weed, L. A., McDonald, 


J. R., and Clagett, O. T.: North American 
Blastomycosis—Gilchrist’s Disease: a Clinico- 
pathologic Study of Ninety Cases, Surg. 
Gynec. & Obst. 99:1-26, 1954. 


. Schwarz, J., and Baum, G. L.: Blastomyco- 


sis, Am. J. Clin. Path. 21:999-1029, 1951. 


. Wilson, J. W., Cawley, E. P., Weidman, 


F. D., and Gilmer, W. S.: Primary Cutaneous 
North American Blastomycosis, A.M.A. Arch. 
Dermat. & Syph. 71:39-45, 1955. 


. Harrell, E. R., and Curtis, A. C.: North Amer- 


ican Blastomycosis, Am. J. Med. (In press.) 


9. Smith, D. T.: Immunologic Types of Blasto- 


mycosis: A Report of 40 Cases, Ann. Int. 
Med. 31:463-469, 1949. 


. Snapper, I., Schneid, B., McVay, L., and Lie- 


ben, F.: Pharmacology and Therapeutic Value 
of Diamidine Derivatives—Particularly of 2- 
Hydroxystilbamidine, Tr. New York Acad. Sc. 
14:269-275, 1952. 


. Sutliff, W. D., Kyle, J. W., and Hobson, J. L.: 


North American Blastomycosis: Clinical Forms 
of the Disease and Treatment With Stilbami- 
dine and 2-Hydroxystilbamidine, Ann. Int. 
Med. 41:89-107, 1954. 


. Curtis, A. C., and Harrell, E. R.: Use of Two 


Stilbene Derivatives (Diethylstilbestrol and 
Stilbamidine) in Treatment of Blastomycosis, 
A.M.A. Arch. Dermat. & Syph. 66:676-690, 
1952. 


. Fink, J. C., Vanderploeg, D. E., and Mour- 


sund, M. P.: Stilbamidine in the Treat- 
ment of Cutaneous Blastomycosis, J.A.M.A. 
151:1395-1397, 1953. 


. Pariser, H., Levy, E. D., and Rawson, A. J.: 


Treatment of Blastomycosis With Stilbami- 
dine, J.A.M.A. 152:129-130, 1953. 


. Smith, D. T.: Stilbamidine Therapy in Blasto- 


mycosis, GP 8:69-76, 1953. 


. Snapper, I., and McVay, L. V.: Treatment of 


North American Blastomycosis With 2-Hy- 
droxystilbamidine, Am. J. Med. 15:603-623, 
1953. 


. Schoenbach, E. R., and Greenspan, E. M.: 


The Pharmacology, Mode of Action and Ther- 
apeutic Potentialities of Stilbamidine, Penta- 


Clinical Pharmacology 
and Therapeutics 


midine, Propamidine and Other Aromatic Di- 
amidines—a Review, Medicine 27:327-377, 
1948. 


. Cherniss, E. I., and Waisbren, B. A.: North 


American Blastomycosis: A Clinical Study of 
40 Cases, Ann. Int. Med. 44:105-123, 1956. 


. Curtis, A. C., and Bocobo, F. C.:. North 


American Blastomycosis, J. Chron. Dis. 5:404- 
429, 1957. 


. Harrell, E. R., Bocobo, F. C., and Curtis, 


A. C.: A Study of North American Blastomy- 
cosis and Its Treatment With Stilbamidine 
and 2-Hydroxystilbamidine, Ann. Int. Med. 
43:1076-1091, 1955. 


.Kuhn, B. H.: Stilbamidine-Resistant North 


American Blastomycosis, A.M.A. Arch Dermat. 
73:556-559, 1956. 


2. Harrell, E. R., and Curtis, A. C.: The Treat- 


ment of North American Blastomycosis With 
Amphotericin B, A.M.A. Arch. Dermat. 76: 
561-569, 1957. 


. Derbes, V. J., and Krafchuck, J. D.: Response 


of North American Blastomycosis to Ampho- 
tericin B, Buli. Tulane M. Fac. 17:157-163, 
1958. 


.Cornbleet, T.: Thyroid-Iodide Therapy of 


Blastomycosis, A.M.A. Arch. Dermat. 76:545- 
548, 1957. 


. Goetz, H.: Klinische und experimentelle Stud- 


ien ueber das Granuloma_para-coccidioides 
(Morbus Lutz-Splendore-de Almeida), Arch. 
Dermat. u. Syph. 198:507-528, 1954. 


. Molese, A., Pane, A., Vingiani, A., and Pag- 


ano, A.: Su un caso di granulomatosi para- 
coccidioidea; mal‘atia di Lutz-Splendore-Al- 
meida, Riforma * 2d. 70:1009-1014, 1956. 


. Paltauf, R.: Lung: Blastomycosis (Brazilian), 


Brooklyn Hosp. J. 11:157-159, 1953. 


. Perry, H. O., Weed, L. A., and Kierland, R. 


R.: South American Blastomycosis, A.M.A. 
Arch. Dermat. & Syph. 70:477-482, 1954. 


. Lacaz, C. da S.: South American Blastomy- 


cosis, An. Fac. med. Univ. Sao Paulo 29:1-20, 
1955-1956. 


. Sampaio, S. A. P., and de Almeida, F.: O 


vanilato de etila no tratamento de algumas mi- 
coses, Arq. hyg. e satide pub. 18:295-296, 
1953. 


. Lacaz, C. da S., del Negro, G., and Bolognani, 


H., Jr.: Acaéo da Fungicidina sébre o Paracoc- 
cidioides brasiliensis. Resultados preliminares 
em 3 doentes de blastomicose brasiliensis, Rev. 


Hosp. clin. Sao Paulo 10:436-439, 1955. 


2. Floch, H., and Saccharin, H.: Sur un cas de 


maladie de Lutz, Bull. Soc. path. exot. 48:686- 
691, 1955. 


. Lacaz, C. da S., Sampaio, S.A.P., and del 


Negro, G.: Atividade de duas diamidinas aro- 
maticas na blastomicose sul-americana, Hos- 
pital, Rio de Janeiro 48:163-169, 1955. 





Volume 1 
Number 1 


144, 


MacKinnon, J. E., Sanjines, A., and Arta- 
gaveytia-Allende, R. C.: Quimioterapia de la 
blastomicose sudamericana; ensayo in vitro 
de cuatro diamidinas aromaticas, dos sulfa- 
midas, una sulfona, y un antihistaminicio; en- 
sayo clinico de la diamidinodifenilamina, An. 
Fac. med. Montevideo 42:131-142, 1957. 


. Borelli, D., and Rodriguez, G.: Blastomycosis 


Treated With Diamidinodiphenylamine, Tr. 
Roy. Soc. Trop. Med. & Hyg. 52:289, 1958. 


. Lacaz, C. da S., and Sampaio, $.A.P.: Trata- 


mento da blastomicose sul-americana com An- 
fotericina B. Resultados preliminares, Rev. 
paulista med. 52:443-450, 1958. 


. Ajello, L.: Occurrence of Cryptococcus neo- 


formans in Soils, Am. J. Hyg. 67:7~' © 1958. 


. Emmons, C. W.: Saprophytic Sor “ryp- 


tococcus neoformans Associatec. he 
Pigeon (Columba livia), Am. J. Hyg. 6. *27- 
232, 1955. 


149. Jacobs, L. G.: Pulmonary Torulosis, Radiology 


150. 


71:398-403, 1958. 

Beeson, P. B.: Cryptococcic Meningitis of 
Nearly Sixteen Years’ Duration, A.M.A. Arch. 
Int. Med. 89:797-801, 1952. 


. Evans, E. E., and Harrell, E. R.: Cryptococ- 


cosis (Torulosis): A Review of Recent Cases, 
Univ. Michigan M. Bull. 18:43-63, 1952. 


2. Bocobo, F. C. Curtis, A. C., and Harrell, E. 


R.: In Vitro Fungistatic Activity of Stilbami- 
dine, Propamidine, Pentamidine and Diethyl- 
stilbestrol, J. Invest. Dermat. 21:149-156, 
1953. 


. Taschdjian, C. L.: In Vitro Effects of Stilba- 


midine and 2-Hydroxystilbamidine on Some 
Pathogenic Fungi, J. Invest. Dermat. 22:521- 
526, 1954. 


. Fisher, A. M.: The Clinical Picture Associ- 


ated With Infections Due to Cryptococcus 
neoformans (Torula histolytica). Report of 
Three Cases With Some Experimental Studies, 
Bull. Johns Hopkins Hosp. 86:383-414, 1950. 


5. Miller, J. M., Smith, G. W., and Headley, 


W. H.: Treatment of Cryptococcus neofor- 
mans Infection in Mice With Stilbamidine, 
Science 118:31-33, 1953. 


. Solotorovsky, M., Quabeck, G., and Winsten, 


S.: Antifungal Activity of Candidin, Nystatin, 
Eulicin, and Stilbamidine Against Experimen- 
tal Infections in the Mouse, Antibiotics 8:364- 
371, 1958. 


. Leithold, S. L., Reeder, P. S., and Baker, L. 


A.: Cryptoccocal Infection Treated With 2- 
Hydroxystilbamidine in a Patient With Boeck’s 


Sarcoid, A.M.A. Arch. Int. Med. 99:736-743, 


1957. 


. Whitehill, M. R., and Rawson, A. J.: Treat- 


ment of Generalized Cryptococcosis With 2- 
Hydroxystilbamidine. Report of a Case With 
Apparent Cure, Virginia M. Month. 81:591- 
594, 1954. 


Treatment of systemic fungus diseases 131 


. Ferguson, G. B.: Mycotic Diseases of the 


Lower Respiratory Tract, Ann. Otol. Rhin. & 
Laryng. 64:1245-1260, 1955. 


. Warren, E. A., Stephens, G. G., and Crow, 


E. W.: Cryptococcosis; Treatment of Two 
Cases With Stilbamidine, J. Kansas M. Soc. 
58:301-303, 1957. 


. Miller, J. M., Schoenbach, E. B., Long, P. H., 


Shuttleworth, J. S., and Snider, G. E.: Treat- 
ment of Infections Due to Cryptococcus ned- 
formans With Stilbamidine, Antibiotics 2:444- 
446, 1952. 


2. Bacon, A. E., Scott, E. G., and Huntington, 


P. W.: Meningoencephalitis Due to Crypto- 
coccus neoformans, Delaware M. J. 26:3-8, 
1954. 


. Willis, J. D., Marples, M. J., DiMenna, M. E., 


Rodda, R., and Pullar, T. H.: Cryptococcal 
(Torula) Meningitis in New Zealand; a Re- 
port of Four Cases, New Zealand M. J. 56:99- 
109, 1957. 


. Brown, R., and Hazen, E. L.: Nystatin and 


Actidione: Two Antifungal Agents Produced 
by Streptomyces noursei. In. Sternberg, T. H., 
and Newcomer, V. D., editors: Therapy of 
Fungus Diseases, Boston, 1955, Little, Brown 
& Company, pp. 164-167. 


. Bonfiglioli, H., and Longobardi, A. L.: Sen- 


sibilidad in vitro de Cryptococcus neoformans 
a diversos antibioticos y quimioterapicos, 
Prensa méd. argent. 44:2657-2659, 1957. 


. Brown, R., and Hazen, E. L.: Present Knowl- 


edge of Nystatin, an Antifungal Antibiotic, 
Tr. New York Acad. Sc. 19:447-456, 1957. 


. Littman, M. L., and Zimmerman, L. E.: Cryp- 


tococcosis, Torulosis or European Blastomy- 
cosis, New York, 1956, Grune & Stratton, Inc. 


. Mulsow, F. W., and Lindley, E. L.: Crypto- 


coccus neoformans Meningoencephalitis: A 
Case Report, J. Iowa M. Soc. 47:579-580, 
1957. 

Walz, D. V., Hasenclever, H. F., and McKee, 
A. P.: A Dual Human Infection With Can- 
dida albicans and Cryptococcus neoformans, 
Am. J. Clin. Path. 26:794-798, 1956. 


. Hoigne, R., Beer, K., and Cottier, H.: Ueber 


Torulose, Schweiz. med. Wcehnschr. 87:97- 
101, 1957. 


. Appelbaum, E., and Shtokalko, S.: Crypto- 


coccus Meningitis Arrested With Amphoteri- 
cin B, Ann. Int. Med. 47:346-351, 1957. 


2. Perruchio, P., Bruel, R., Lagarde, C., and 


Delpy, J.: Le torulome bronchiectasiant; une 
nouvelle forme clinique de la torulose respira- 
toire, Presse méd. 67:387-390, 1959. 


. Carton, C. A., and Liebig, C. S.: Treatment 


of Central Nervous System Cryptococcosis. 
Laboratory Studies, A.M.A. Arch. Int. Med. 
91:773-783, 1953. 


174. Kligman, A. M., and Weidman, F. D.: Ex- 


perimental Studies on Treatment of Human 





132 


Harrell and Bocobo 


Torulosis, A.M.A. Arch. Dermat. & Syph. 
60:726-741, 1949. 


. Wilson, H. M., and Duryea, A. W.: Crypto- 


coccus Meningitis (Torulosis) Treated With 
a New Antibiotic, Actidione, A.M.A. Arch. 
Neurol. & Psychiat. 66:470-480, 1951. 


. Alajouanine, T., Houdart, R., and Drouhet, 


E.: Les formes chirurgicales spinales de la 
torulose; torulome de la queue de cheval, 
Rev. neurol. 88:153-163, 1953. 


. Farrell, A., and Helfer, L. M.: Cryptococcus 


neoformans Meningoencephalitis. Report of 
Case Treated With Actidione and Forced 
Drainage, Texas J. Med. 51:516-518, 1955. 


. Carton, C. A.: Treatment of Central Nervous 


System Cryptococcosis: A Review and Report 
of Four Cases Treated With Actidione, Ann. 
Int. Med. 37:123-154, 1952. 


. Boshes, L. D., Sherman, I. C., Hesser, C. J., 


Milzer, A., and MacLean, H.: Fungus Infec- 
tions of the Central Nervous System; Experi- 
ence in Treatment of Cryptococcosis With Cy- 
cloheximide (Actidione), A.M.A. Arch. Neurol. 
& Psychiat. 75:175-197, 1956. 


. Buckle, G., Curtis, D. R., and McKeon, J. 


M.: Therapy of Human Torulosis With Acti- 
dione and “Contramine”:- A Report on Two 
Cases, M. J. Australia 2:854-859, 1955. 


. Caldwell, D. C., and Raphael, S. S.: A Case of 


Cryptococcal Meningitis, J. Clin. Path. 8:32- 
37, 1955. 


. Geaney, B., Horsfall, W. R., and Neilson, G.: 


Torulosis in Queensland: Report of Fourteen 
Cases, M. J. Australia 2:378, 1956. 


. Markham, J. W., Alcott, D. L., and Manson, 


R. M.: Cerebral Granuloma Caused by Cryp- 
tococcus neoformans; Report of a Case, J. 
Neurosurg. 15:562-568, 1958. 


. Moore, M.: Cryptococcosis With Cutaneous 


Manifestations. Four Cases With a Review of 
Published Reports, J. Invest. Dermat. 28:159- 
182, 1957. 


. Sherman, I. C., and Boshes, L. D.: Some 


Fungous Infections of the Central Nervous 
System: Experience With Recent Treatments, 
Bol. Asoc. méd. Puerto Rico 48:225-238, 1956. 


. Bakerspigel, A., Campsall, E. W. R., and 


Hession, B. L.: A Case of Cryptococcal Men- 
ingitis in Southwestern Ontario, Canad. M.A.J. 
79:998-1002, 1958. 


. Biddle, A., and Koenig, H.: An Agent Effec- 


tive Against Cryptococcosis of the Central 
Nervous System, A.M.A. Arch. Int. Med. 
102:801-805, 1958. 


. Burrows, B., and Barclay, W. R.: Combined 


189. 


Cryptococcal and Tuberculous Meningitis 
Complicating Recticulum Cell Sarcoma, Am. 
Rev. Tuberc. 78:760-768, 1958. 

Fitzpatrick, M. J., Rubin, H., and Poser, C. 
M.: The Treatment of Cryptococcal Menin- 


Clinical Pharmacolog: 
and Therapeutic 


gitis With Amphotericin B, a New Antifunga! 
Agent, Ann. Int. Med. 49:249-259, 1958. 


. Furcolow, M. L., and Rubin, H.: Promisin, 


Results in Cryptococcal Meningitis, Tr. 17¢l 
Conference on Chemotherapy of Tuberculosis 
1958, edited by U.S. Veterans Administration 
Dept. of Medicine and Surgery, Washington 
D. C., pp. 309-310. 


. Gantz, J. A., Metzel, J. A., and Keller, L. B.: 


Cryptococcal Meningitis Treated With Am- 
photericin B, A.M.A. Arch. Int. Med. 102:795- 
800, 1958. 


. Gettelfinger, W. C.: Cryptococcus Meningitis, 


J. Kentucky M. A. 56:1112-1113, 1958. 


. Lerner, A. B., and Crounse, R. G.: Cutaneous 


Cryptococcosis Without Apparent Systemic In- 
volvement, A.M.A. Arch. Dermat. 77:457, 
1958. ‘ 


. Rubin, H., Lehan, P. H., Fitzpatrick, M. J., 


and Furcolow, M. L.: Amphotericin B in the 
Treatment of Cryptococcal Meningitis, Anti- 
biotics Annual, 1957-1958, New York, 1958, 
Medical Encyclopedia, Inc., pp. 71-73. 


. Smith, G. W.: The Treatment of Torula 


Meningoencephalitis With Amphotericin B, 
J. Neurosurg. 15:572-575, 1958. 


. Rubin, H., and Furcolow, M. L.: Promising 


Results in Cryptococcal Meningitis, Neurology 
8:590-595, 1958. 


. Martin, W. J., Nichols, D. R., Svien, H. J., 


and Ulrich, J. A.: Cryptococcosis. Further Ob- 
servations and Experiences With Amphoteri- 
cin B, A.M.A. Arch. Int. Med. 104:4-14, 1959. 


. Kuykendall, S. J., Ellis, F. H., Jr., Weed, L. A., 


and Donoghue, F. E.: Pulmonary Cryptococ- 
cosis, New England J. Med. 257:1009-1016, 
1957. 


. Bonmati, J., Rogers, J. V., Jr., and Hopkins, 


W. A.: Pulmonary Cryptococcosis, Radiology 
66: 188-194, 1956. 


. Cornish, A. L., Balows, A., Chipps, H. D., and 


Holloway, J. B., Jr.: Isolated Pulmonary Cryp- 
tococcosis, A.M.A. Arch. Int. Med. 99:285- 
289, 1957. 


. White, M., and Arany, L. S.: Resection in 


Pulmonary Cryptococcosis (Torulosis), J. 
Thoracic Surg. 35:402-410, 1958. 


. McConchie, I. H., and Hayward, J. I.: Torula 


histolytica (Cryptococcus neoformans) Gran- 
uloma of the Lung Treated With Pulmonary 
Resection, Postgrad. M.J. 34:190-194, 1958. 


. Holm, P.: Studies on the Aetiology of Human 


Actinomycosis. II. Do the “Other Microbes” 
of Actinomycosis Possess Virulence? Acta path. 
et microb. scandinav. 28:391-406, 1951. 


.Glahn, M.: Cervico-facial Actinomycosis—Eti- 


ology and Diagnosis. The Pathogenesis of Cer- 
vico-facial Actinomycosis, Acta chir. scan- 
dinav., 108:183-192, 1954. 


. Lentze, F.: Zur Frage einer komplexen Aeti- 


ologie der Aktinomykose und ihrer Bedeutung 















206. 








































218. 







219, 







221, 







222. 






220. 





Volume 1 
Number 1 


fuer die Therapie, Artzl. Forsch. 12:1/205- 
208, 1958. 

Lorenz, O.: Neue Erkentnisse zur Pathogenese 
und Klinik der cervicofacialen Aktinomykose, 


Med. Klin. 54:9-13, 1959. 


. Strauss, R. E., Kligman, A. M., and Pillsbury, 


D. M.: The Chemotherapy of Actinomycosis 
and Nocardiosis, Am. Rev. Tuberc. 63:441- 
448, 1951. 


. Suter, L. S., and Vaughan, B. F.: The Effect 


of Antibacterial Agents on the Growth of 
Actinomyces bovis, Antibiotics 5:557-560, 
1955. 

Nichols, D. R., and Herrell, W. E.: Penicillin 
in the Treatment of Actinomycosis, J. Lab. & 
Clin. Med. 33:521-525, 1948. 


. Putman, A. C., Dockerty, M. B., and Waugh, 


J. M.: Abdominal Actinomycosis. An Analysis 
of 122 Cases, Surgery 28:781-800, 1950. 


. Wilenius, R.: Actinomycosis With Special Ref- 


erence to Its Treatment With Penicillin, Ann. 
chir. et gynaec. Fenniae, suppl. 42:1-33, 1953. 


. Lesney, T. A., and Traeger, K. A.: Cervico- 


facial Actinomycosis; a Postextraction Compli- 
cation, J. Oral Surg. 17:51-59, 1959. 


. Garrod, L. P.: The Sensitivity of Actinomyces 


israeli to Antibiotics, Brit. M.J. 1:1263-1264, 
1952. 


. Adamski, J., and Dobek, M.: The Sensitivity 


of Strains of Actinomyces Wolff-Israeli to 
Some Antibiotics in In Vitro Tests, Bull. Soc. 
Amis Sc. Poznan, Ser. C., No. 5, 1955, pp. 3- 
100. 


. Hanf, U., Heinrich, S., and Legler, F.: Zur 


Frage der Antibiotica-Resistenz des Erregers 
der Aktinomykose, Med. Klin. 49:250-251, 
1954. 


. Halde, C., and Newstrand, D.: The Sensitivity 


of Pathogenic Actinomycetes to Various Sul- 
fonamides and Sulfone Compounds. In Stern- 
berg, T. H., and Newcomer, V. D., editors: 
Therapy of Fungus Diseases, Boston, 1955, 
Little, Brown & Company, pp. 147-153. 


. Vanbreuseghem, R., Courtois, C., Thys, A., 


and Doupagne, P.: Deux cas de mycétomes 
congolais par Nocardia brasiliensis, Ann. Soc. 
belge méd. trop. 36:479-485, 1956. 
MacKinnon, J. E., and Artagaveytia-Allende, 
R. C.: The Main Species of Pathogenic Aero- 
bic Actinomycetes Causing Mycetomas, Tr. 
Roy. Soc. Trop. Med. & Hyg. 50:31-40, 1956. 
Derom, E., Francois, J., De Busscher, J., and 
Hoffmann, G. R.: Entreprise Craniocérébrale 
a Nocardia, Acta chir. belg. 57:463-466, 1958. 
Basserman, F. J.: Die Nocardiose, Tubercu- 
losearzt 10:169-175, 1956. 

Gram, H., and Oehmichen, W.: Nocardiose, 
Zentralbl. allg. Path. 95:17-22, 1956. 

Runyon, E. H.: Nocardia asteroides: Studies 
of Its Pathogenicity and Drug Sensitivities, J. 
Lab. & Clin. Med. 37:713-720, 1951. 


Treatment of systemic fungus diseases 


224. 


225. 


226 


227. 


228. 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


236. 


223. 


133 





Rivera, J. V., and Perez, J. B.: Pulmonary 
Nocardiosis Treated With Chloramphenicol, 
A.M.A. Arch. Int. Med. 100:152-156, 1957. 
MacKinnon, J. E., Artagaveytia-Allende, R. C., 
and Garcia-Zarron, N.: The Inhibitory Effect 
of Chemotherapeutic Agents on the Growth 
of the Causal Organisms of Exogenous Myce- 
tomas and Nocardiosis, Tr. Roy. Soc. Trop. 
Med. & Hyg. 52:78-86, 1958. 

Gonzalez Ochoa, A.: Effectiveness of DDS in 
the Treatment of Chromoblastomycosis and of 
Mycetoma Caused by Nocardia _ brasiliensis. 
In Sternberg, T. H., and Newcomer, V. D., 
editors: Therapy of Fungus Diseases, Boston, 
1955, Little, Brown & Company, pp. 321-327. 


. Gonzalez Ochoa, A., and Ahumada Padilla, 


M.: Tratamiento del micetoma actinomicdésico 
por la inyeccién local de la diaminodifenilsul- 
fona, Rev. Inst. salub. y enferm. trop. 18:41- 
44, 1958. 

Mariat, F.: Action in vitro de la 4,4’-diamino- 
diphenyl sulfone sur les actinomycétes aérobies 
pathogénes, Compt. rend. Acad. sc. 244:3095- 
3098, 1957. 

Abbott, P. H.: Mycetoma in the Sudan, Tr. 
Roy. Soc. Trop. Med. & Hyg. 50:11-24, 1956. 
Norden, A.: Sporotrichosis: Clinical and Lab- 
oratory Features and a Serologic Study in Ex- 
perimental Animals and Humans, Acta path. 
et microbiol. scandinav., suppl. 89:1-119, 
1951. 

Elson, W. O.: The Antibacterial and Fungi- 
static Properties of Propamidine, J. Infect. Dis. 
76:193-197, 1945. 

Harrell, E. R., Bocobo, F. C., and Curtis, 
A. C.: Sporotrichosis Successfully Treated 
With Stilbamidine, A.M.A. Arch. Int. Med. 
93: 162-167, 1954. 

Geraci, J. E., Dry, I. J., Ulrich, J. A., Weed, 
L. A., MacCarty, C. S., and Sayre, G. P.: Ex- 
periences With 2-Hydroxystilbamidine in Sys- 
temic Sporotrichosis: Report of an Unusual 
Case, A.M.A. Arch. Int. Med. 96:478-489,' 
1955. . 

Lea, W. A., Schuster, D. S., and Harrell, 
E. R.: Mycological Flora of the Healthy Ex- 
ternal Auditory Canal: A Study of 120 Human 
Subjects, J. Invest. Dermat. 31:137-138, 1958. 
Seligmann, E.: Virulence Enhancement of 
Candida albicans by Antibiotics and Cortisone, 
Proc. Soc. Exper. Biol. & Med. 83:778-781, 
1953. 

Harrell, E. R., and Thompson, G. R.: Sys- 
temic Candidiasis (Moniliasis) Complicating 
Treatment of Bacterial Endocarditis, With Re- 
view of Literature and Report of Apparent 
Cure of One Case With Parenteral Mycostatin, 
Ann. Int. Med. 49:207-215, 1958. 

Woods, J. W., Manning, I. H., Jr., and Pat- 
terson, C. N.: Monilial Infections Complicat- 








134 


Harrell and Bocobo 


ing the Therapeutic Use of Antibiotics, 
J.A.M.A. 145:207-211, 1951. 


. Gonzales Ochoa, A.: The Status of Fungus 


Diseases in Mexico. In Sternberg, T. H., and 
Newcomer, V. D., editors: Therapy of Fungus 
Diseases, Boston, 1955, Little, Brown & Com- 
pany, pp. 66-72. 


. Campbell, C. C., Hodges, E. P., and Hill, 


G. B.: Therapeutic Effect of Nystatin (Fungi- 
cidin) in Mice Experimentally Infected With 
Histoplasma capsulatum, Antibiotics 4:406- 
410, 1954. 


. Donovick, R., Pansy, F. E., Stout, H. A., 


Stander, H., Weinstein, M. J., and Gold, W.: 
Some in Vitro Characteristics of Nystatin (My- 
costatin ). In Sternberg, T. H., and Newcomer, 
V. D., editors: Therapy of Fungus Diseases, 
Boston, 1955, Little, Brown & Company, pp. 
176-185. 


. Stewart, G.‘T.: Laboratory and Clinical Stud- 


ies With Nystatin in Post-antibiotic Mycotic 
Infections, Brit. M.J. 1:658-660, 1956. 


. Drouhet, E.: Therapeutic Activity of Nystatin 


(Mycostatin) in Candida Infections. In Stern- 
berg, T. H., and Newcomer, V. D., editors: 
Therapy of Fungus Diseases, Boston, 1955, 
Little, Brown & Company, pp. 211-218. 


. Jennison, R. F., and Stenton, P.: Sensitivity of 


Candida Strains to Nystatin, J. Clin. Path. 
10:219-221, 1957. 


. Robinson, R. C. V.: Candida albicans Infec- 


tion of the Skin and Mucous Membranes 
Treated With Nystatin, Antibiotics Annual, 
1955-1956, New York, 1956, Medical Encyclo- 
pedia, Inc., pp. 851-855. 


. Cohen, A. C.: Pulmonary Moniliasis, Am. J. 


M. Sc. 226:16-23, 1953. 


. Emdin, W., and Finlayson, M. H.: Moniliasis 


. Neuhauser, L: 


of the Central Nervous System in a Child 
With Recovery, South African M.J. 28:868- 
871, 1954. 

Successful Treatment of In- 
testinal Moniliasis With Fatty Acid Resin 
Complex, A.M.A. Arch. Int. Med. 93:53-60, 
1954. 


. Metzger, W. I., Wright, L. T., and DiLorenzo, 


J. C.: Effect of Esters of PABA on Candida 
and Yeast-like Fungi, J.A.M.A. 155:352-358, 
1954. 


. Barlas, O., and Akyel, M.: A Case of Pulmon- 


ary Moniliasis, Brit. M.J. 2:1394-1396, 1952. 


9. Grekin, R. H., Cawley, E. P., and Zheutlin, 


B.: Generalized Aspergillosis. Report of a 
Case, Arch. Path. 49:387-392, 1950. 


. Sidransky, H., and Friedman, L.: The Effect 


of Cortisone and Antibiotic Agents on Experi- 
mental Pulmonary Aspergillosis, Am. J. Path. 
35: 169-183, 1959. 


. Torack, R. M.: Fungus Infections Associated 


With Antibiotics and Steroid Therapy, Am. 
J. Med. 22:872-882, 1957. 


Clinical Pharmacolog: 
and Therapeutic 


252. Hinson, K. F. W., Moon, A. J., and Plummer. 


N. S.: Broncho-pulmonary Aspergillosis. A Re. 
view and a Report of Eight New Cases 
Thorax 7:317-333, 1952. 


. Tarlatzis, C. B., Panetsos, A. G., and Drag 


onas, P. N.: The Effects of Some Antibiotics 
and Chemical Drugs on the Growth of Asper- 
gillus fumigatus, Am. J. Vet. Res. 18:214-215, 
1957. 


. Riddell, R. W.: Fungous Diseases of Britain, 


Brit. M.J. 2:783-786, 1956. 


. Stevenson, J. G., and Reid, J. M.: Broncho- 


pulmonary Aspergillosis, Brit. M.J. 1:985-986, 
1957. 


. Librach, I. M.: Primary Pulmonary Aspergil- 


losis. Report of a Fatal Case, Antibiotic Med. 
4:377-380, 1957. 


. Mangiaracine, A. B., and Liebman, S. D.: Fun- 


gus Keratitis (Aspergillus fumigatus), A.M.A. 
Arch. Ophth. 58:695-698, 1957. 


. Manning, L. K., and Robertson, L.: A Case 


of Aspergillosis Treated With Nystatin, Brit. 
M.J. 1:345-346, 1959. 


. Williams, D. I., Marten, R. H., and Sarkany, 


I.: Oral Treatment of Ringworm With Griseo- 
fulvin, Lancet 2:1212-1213, 1958. 


. Blank, H., and Roth, F. J., Jr.: The Treatment 


of Dermatomycoses With Orally Administered 
Griseofulvin, A.M.A. Arch. Dermat. 79:259- 
266, 1959. 


. Brian, P. W.: Studies on the Biological Ac- 


tivity of Griseofulvin, Aan. Botany 8:59-77, 
1949. 


. Friedman, C., Mishkin, S., and Lubliner, R.: 


Pulmonary Resection for Aspergillus Abscess 
of the Lung, Dis. Chest 30:345-350, 1956. 


. Hausmann, P. F.: Pulmonary Aspergilloma, J. 


Thoracic Surg. 35:538-541, 1958. 


. Krasnitz, A.: Bronchopulmonary Aspergillosis, 


New York J. Med. 57:3852-3856, 1957. 


. Paltauf, A.: Mycosis mucorina, Virchows Arch. 


f. path. Anat. 102:543-564, 1885. 


. Smith, H. W., and Yanagisawa, E.: Rhino- 


mucormycosis. Report of a Fatal Case, New 
England J. Med. 260:1007-1012, 1959. 


. Fienberg, R., and Risley, T. S.: Mucormycotic 


Infection of Arteriosclerotic Thrombus of the 
Abdominal Aorta. Report of a Case, New Eng- 
land J. Med. 260:626-629, 1959. 


. Garrett, S. D.: Ecological Groups of Soil 


Fungi: A Survey of Substrate Relationships, 
New Phytologist 50:149-166, 1951. 


. Bauer, H., Ajello, L., Adams, E., and Her 


nandez, D. U.: Cerebral Mucormycosis: Patho 
genesis of the Disease. Description of th 
Fungus, Rhizopus oryzae, Isolated From a 
Fatal Case, Am. J. Med. 18:822-831, 1955. 


. Chick, E. W., Evans, J., and Baker, R. D.: 


Treatment of Experimental Mucormycosi: 
(Rhizopus oryzae Infection) in Rabbits With 
Amphotericin B, Antibiotics 8:394-399, 1958 








Book review 


A Symposium on the Evaluation of Drug 
Toxicity, by Walpole, A. L., and Spinks, 
A. Boston, 1959, Little Brown & Com- 
pany. 138 pages, 58 illustrations. 


This book makes available material from 
a timely symposium dealing with the eval- 
uation of drug toxicity which was held in 
England in 1957. Dr. J. M. McMichael was 
chairman of the first session, during which 
five papers were presented. The material 
covered in this session varied from toxicity 
problems in clinical medicine to the testing 
of drugs for toxicity. An interesting paper 
on the action of chemical substances was 
given by Dr. E. Weston Hurst, who referred 
to the work on differential toxicity of chlo- 
roform for male mice; the greater suscepti- 
bility of female mice to neoarsphenamine; 
the effect of certain barbiturates, especially 
those with one short and one long branched 
side chain, a cyclohexenyl group, or a meth- 
ylated nitrogen in causing longer sleep in 
female rats; the sex-linked toxic suscepti- 
bility to certain organophosphorus com- 
pounds, and the differential toxicity of 
squill for female rats. A list of substances 
is given which shows sex-linked differential 
toxicity. . 





A section devoted to the determination 
of the efficacy and safety of new drugs by 
Dr. J. T. Litchfield brought out some of the 
factors looked for in determining whether 
a new chemical is interesting and deserving 
of further investigation or whether it should 
be rejected after the preliminary screening 
procedure. 

The section on the testing of drugs for 
toxicity by Dr. J. M. Barnes is most interest- 
ing and points out many of the difficulties 
which must be borne in mind by anyone 
working in this complicated field. He ex- 
plains, for example, that the toxic action of 
a drug may be direct or may depend on 
some metabolite of the drug. Although 
there are of course great individual and 
species differences in ability to handle an 
administered drug there are surprising sim- 
ilarities and these seem to be more frequent 
than the differences. Among the many inter- 
esting means by which drug toxicity occurs, 
the work of Garland on megaloblastic 
anemia from phenytoin was pointed out as 
an example of a blood dyscrasia produced 
by drugs leading to a deficiency in folic 
acid. 

The second session, under the chairman- 
ship of Dr. G. Payling Wright, was pri- 
marily concerned with allergic reactions 
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and toxic action of drugs on the bone mar- 
row and liver. A most stimulating discus- 
sion of drug action on subcellular structure 
was also held during this session. The 
paper, by Dr. W. Jacobson, and the subse- 
quent discussion on the toxic action of 
drugs on the bone marrow is most stimulat- 
ing and should be read by all interested in 
this subject. The portion dealing with cell- 
ular resistance to folic acid antagonists is 
also noteworthy. The evidence presented, 
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showing the ability of leukemia cells to de- 
velop special synthetic activities as a de- 
fense of the abnormal cell against folic acid 
antagonists, makes exciting reading. 

The book can be highly recommended as 
most desirable reading. The material pre- 
sented is basic and affords an excellent sum- 
mary of most of the important concepts of 
drug toxicity. 


Dale G. Friend, M.D. 


No research is ever quite complete. It is the glory of a good bit of work that it opens 
the way for still better, and thus rapidly leads to its own eclipse. The object 
of research is the advancement, not of the investigator, but of knowledge. 


FROM “THE SPIRIT OF RESEARCH—A PLEA FOR INDEPENDENCE” 
BY MERVYN GORDON, LANCET 1:807, JUNE 30, 1945, REPRINTED 
FROM ST. BARTHOLOMEW’S HOSPITAL JOURNAL FOR JUNE, 1920. 





